N
y colour
inside

Edition 1.0 2018-04

IEC PAS 63166

PUBLICLY AVAILABLE
SPECIFICATION

O\
Zhaga interface specification book 1 and boolé‘

(u9)¥0-8102:991€9 SVd O3l


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

your local IEC member National Committee for further information.

www.iec.ch

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The Int|

Internat]

About I[EC publications

The tec

latest e

IEC Cat
The sthnd-alone application for

logue - webstore.iec.ch/catalogue

consulting the entire

bibliogrgphical information on IEC International Standards,

Technicgl

Specifications, Technical Reports and other

documepts. Available for PC, Mac OS, Android Tablets and

ernational Electrotechnical Commission (IEC) is the leading global organization that prepares and “pyiblishes
onal Standards for all electrical, electronic and related technologies.

hnical content of IEC publications is kept under constant review by the IEC. Please make sure that you Have the
lition, a corrigenda or an amendment might have been published.

Electropedia - www.electropedia:org
The world's leading online,_-dictionary of electropic and
electrical terms containing 21 000 terms and definitions in
English and French, jswithsequivalent terms in 16 additional
languages. Also known/as the International Electrotechnical

iPad. Vocabulary (IEV) enline.

IEC puljlications search - webstore.iec.ch/advsearchform IEC Glossary ¢ std.iec.ch/glossary

The adjanced search enables to find IEC publications by a 67 000 eleetrotechnical terminology entries in English and
variety |of criteria (reference number, text, technical  French extracted from the Terms and Definitions clause of

committge,...). It also gives information on projects, replaced
and witHdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up
details

to date on all new IEC publications. Just Published
bll new publications released. Available online and

also onde a month by email.

IEC publications issued since 2002. Some entries hgve been
collected from earlier publications of IEC TC 37, 77) 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csp
If you wish to give us your feedback on this publigation or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

IEC PAS 63166

Edition 1.0 2018-04

PUBLICLY AVAILABLE
SPECIFICATION

colour
inside
Zhaga interface specification book 1 and book 7
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 29.140.01; 29.140.99 ISBN 978-2-8322-5627-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

-2- IEC PAS 63166:2018 © IEC 2018

CONTENTS

) =T 3 1=] - | I -
R A 1o oY 1¥ o1 o o SRR
1.2 SCOPE (INTOMMATIVE)..uiiiieiiie ittt e et e et e e e et e e e eeaae e e eetaeeeeetbeeeeeasaeeeessaeaeensbeeeensseeeeanseeas
1.3 CoNfOrmManCe aNd REfEIENCES. .....ccoccireeiie ettt eeee e e e e e s eebbareeeeeeseebsaaeeeeesseessareeeeesenanssnees

1.3.1 (0] a1 0] 01 4 T=1 1 [o{ =TS OERR RSSO RPN
1.8.2 RETIEIENCES ceeeei ettt ettt e et e e e e e e et e e e e e e eeesstbereeeeeeenastaaseeeeeeenstrnneeeeefTyns|ereeees
L.4 | D iNITIONS uuuuuruvuruturiiiierutururrrerurererarararararerararararararerararsrararsrssssssssssssssssssssssssssssssssssnsssssnsnnssssnndashessene]orererene
O T Yl o 1V 13N S SRR IS 10
ST I3 V7111 o To | £ UUURURY - e SUUUUUURRIUIY RPN 10
1.7 | CONVENLIONS «.ceeeiiiiieeeeeeeeeiteeeeeee ettt iee e e e e eeertseeeeeeeresssaneeeesessssnnneeeessessssnnneeesslonmrnnnneeesesesssnnnesessesssss]eneeees 10
1.7.1 PrECERABNCE c.eeei ettt e e e e e e e seentrereeeeeeenasesas BT essbrereeeeeesssssnnneneeeses|ossvees 10
1.7.2 CrOSS FEIEIENCES cueiiieeeiitieieee e ettt e e eeerreeeeeeseesanrreeeseeseessnsreesaes Sansssrereeeesesssssreneeesessnsnsnnnes|oeeenes 10
1.7.3 INFOIMATIVE TEXE .. uvvrreeieee ittt e e e e e eeernnreee s s bastnrereeeeeeenstsereeseeesensnsnenseesss|osssnes 10
O S N =Y 4 4t T o T or- ] 1 = PSS SRR SRSR I 10
1.7.5 Units of physical qUANTIties .......cceiieiiciiiieeeieceiieeeeeee L et ecennneee e e e | 10
1.7.6 [DLTo s Y Y= oF- [ -1 o] ST USSR UUPRRRRPPRRY ISPt 10
1.Y.7 [0 01 4R D PO UUPPURROURRRUUPRY ISP 10

2 System Overview (INformative) .......cccoiiieeeniereenernenncereennernenseerennseesennesheea 11

N B CT=Y o V=T - D e O OO UURURRRURORSPRRRRRRRIY I 11
2.2 | Description of the LED MOAUIE .......eeieeeee ettt eree s re e e e e st e e ssaene e ssnnneeesnns e eennns 11
2.3 | OULHNE OF ThiS BOOK ...vvvveiiiiiiieiiiieee e Sttt ettt e et e e e e e e eetarr e e e e e e seeantrereeeseeensntseneeeseessnns|eeeees 11

3 Mechanical INterfacCe ..ccufeicicieiieieiieirerecressersssesssssssessssssssssssssssssssssnsseshose 13

3.1 | Drawing PrinCiPles ...eeeee sttt e rtee e et e e e e e e rae e e s tre e e e nta e e ernnaeeeetreeeannraeeennneeeesns|aeennes 13
3.2 | MeChaniCal refEreNCES . . iii ittt ettt e st e s st te e e ssabeeessabaeessbbeeessnsaeesnnseeessane[eesnnne 13
3.3 | BOOK-7 LED MOQUIECAtEEOIIES ..eevveieiieiiieiiieiieesiitesteesiteesteesiteeseaeesseeessaeesseeessneensaeessneessesssseesssnes|oreens 13
3.3.1 3T T o TP RURUUURURUURTUUT U 14
3.8.2 [ TR UPRROURRRPRRPPPRRUSTPPRY ISPt 16
3.8.3 L2BWW2... ettt ettt ettt sttt st s e e st e st e st e e s be e s beesbe e s beeebee s baeebeesabaeenseesnraesnseessrees|eeeenn 18
BUB.A  _E2BWA ..ttt st s be e s i te e sbeesateesbeesateesbeesateesreesareesne|erreens 20
3.8.5 L2BW ... .iieiiieeeiiee sttt sttt st site e st e st e st e st e sabeesabeesabeesbee s beesbeesbaesbeesabaesnseesnraesnseessree|eeeenn 22

B BB L2828 . ittt ettt ettt e sttt ettt e ettt ettt e et e e st e e sttt ettt esnbeesabeesnbeesbeesnbeesbeesnnnesne|erreens 24
3.3.7 [ E2 3V < O OPRRRN 26
3.3.8 L BV 5B, . e uteeetieeteestee st e et eesabe e ettt e s te e et e e e beeeaaee e bae e bee e beeabee e bee e beeenbee e bee e baeebeeebaeebeeebaeenreeenns 28
3.3.9 [ G O UPROPRRRN 30
TR 20 T Y X T O TP PPOTPPUPPRTI 32
3.4 Requirements on the mechanical interface of the Book-7 LUMINGIre .........ccoevieeeiiiiieecciee e 34
3.4.1 Flatness and roughness of the Thermal Interface SUrface ........ccocveeeeciiieccciie e, 34
3.4.2 Luminaire keep-out fOr iNtEIrCONNECT ......cvviii e e e e e e a e e e enneeas 34
4 Photometric Interface......cccccciiimiiiieiiiiiiiiieicrrecc e reneessensseeeness 3D
4.1 Light EMITEING SUITACE ...ttt e e et e e e e e e ettt e e e e e e e e absbeeeaaeeeesssaeeeaaeeennnnsens 35

4.2  Operating conditions for measuring photometric Parameters ......cccccoccciieeiiee e 35


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

IEC PAS 63166:2018 © IEC 2018 -3-

4.3 LUMINOUS FIUX ettt ettt et b e e s bt e bt e s b e e bt e e sab e e bt e e saneennaeesaneeneas 35
4.4  Luminous intensity diSTtriDULION .......uuiiiiii e e et e e e e e e rr e e e e e e e e nnnaes 35
L U] o [Ta - T o Yol cI T e ' Y SRS 35
4.6 Correlated color teMPErature (CCT) ..uuuii e e eiiee e et e st e et e e e tr e e e stre e e e st e e e esssaeessasaeeessreeesnssseesannens 36
4.7  Color rendering iNAEX (CRI) ....ccueirieriieniieieeie ettt ettt sreesre e r et ess e neesneesneenees 36
5 Electrical Interface .......ccovvvueiiiiiiinnniiiiiinnniiininnnninnneses 37
5.1  Electrical interface to the ECG ........coouiiiiiieiieiieceeeeee ettt s e 37
5.2 EleCtrical INSUIATION c....eiiiieieeeee ettt ettt et be e e et e s be e e nnee e 37
5.3 [ Mechanical aspects of the electrical INTErTace T0 TNE BTG ..ooorerieereecereereeseaseeeaansansinassnesnengmee|ovesnes 37
6 Thermal INterface ......cccciiireeiiiiiiineiiiiiiinniinresessseshessshe s 38
6.1 | Background information (infOrmative) .........ccccooecuiiiiiiiiieciec e e D e e 38
6.2 | General thermal requirements for Book-7 LED Modules ..........ccoeeeecrieeeeeeiecccieee e feee 38
6.3 | Thermal headroom of Book-7 LED MOdUIES........ccecuieiereenieneenenieneeneene oty e | 38

7 Compliance test tOOIS .....cccceieeireeireeiireiitnirrenereee e il renenennenennerencsnneeahes . 40

7.1 | LED MOAUIE TSt tOOIS ...eiiieiiieeeiiii ettt see et e e gt afa e e e eensreeesnseessnnseseesnsnesssssseness]seeeans 40
7.1.1  Test Fixture PETF (photometric and electrical) .....cccocueeeee et ervee e fe e 40
7.1.2  Test Fixture THTF (Thermal HEadroom) ........ceeeuueeeecadun e eree e e seee e e e sevne e ens e 40

8 LED Module Compliance Tests ....cccvveee el Verieniirennicrnnnncenenncssnnsscnenssechen 44

8.1 | LED Module mechanical interface testS......cuuumielitudiniiii e e e eeesirere e e e e e e ssvnneeeeeee e |esnnnes 44
8.1.1 Test of the mechanical interface of the LEDPModule ..........coooeiiiiiiiiiiiiciiiieeeeececcieeeeee e[ 44

8.2 | LED Module photometric interface tests...a ..t e sirere e e e e e sevnrreeeeee e | erieees 44
8.2.1 Test Of LUMINOUS FIUX ...oiiiiiiieiee e eeie e tte et e ettt e e ete e e sstae e e staee e ssnaneessnsaeeesnsaesssnnnsess|seeeans 44
8.2.2  Test of correlated color temperature (CCT) ...ceiiciieiecieeeeiieeeecteeeecteeeereveeeesveeeeeeeeeeesaveeeesnns faeennns 45
8.2.3  Test of color rendering iNdeX(CRI) .....cc.ueeiiiiiieeeiie e e e s e e e see e e eere e e sseseeeesnns e eennns 45
8.2.4  Teston luminance UniformMity data ........cccocuieeiiiiii e e e seee e e ees e 45

8.3 | LED Module thermal interfage teStS ......ccocuviiiiiei e e e e e e e sirere e e e e e e seannneeeeee e |esneees 46
8.3.1 Test of thermal headroom of the LED ModuUle..........cccvvieiieiieciiiiieee e e 46

8.4 | LED Module electfical interface teStS .....cccuuiiiiiii i eesrere e e e e e einnneee e e e | e 46

8.5 | LED Module Product Data SEt teSt....uuiiiii ettt eeeitre e e e e e e eesnrereee e e e s sennnneesaee e |ennsens 46

9 Luminaire’compliance tests ......ccccreerreeirreiienciieniiiencirnceneerenerenseneneeschen s 47

9.1 | Luminaire mechanical iNterface tESTS ......cuuiiicciiiieciiee et e e te e e e te e e e sene e e snreeeeaeeeeen 47
9.1.1/, Test on the mechanical interface of the Luminaire for mounting the LED Module(s) ............[....... 47
9.2 LumINaire Product Data St tESt ....cccuuiiiiiieeeeiiie ettt ettt et e e st e e e st r e e e e nae e e s nte e e e e ntae e e enraaeenreeeans 47

Annex A Product Data Set requirements.......ccccceeeeerreeiirncrencrenccreeceneneeenees. 49
Al LED MOdUIE ProdUCE Data SEt...ccueiiiiiiieeriiieiieesiie sttt ettt et s e e saae e st e e b e e st e e sateesaseenaes 49
A2 LUMINGIre ProdUCt DAta SEt ....ccoiuiiiiiiiie ettt ettt see e st e e e saba e e ssabte e e sbbeeessabaeesnaneeas 49

Annex B Measurements on Luminance uniformity (informative)................50
2 200 R =T =T [0 1o T =Y o N 50
2 30 =T oo o [ o [ PP PRRR 50

2 0 T =Y o] o Yol =Y [U 1 IS URPPN 51


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

-4 - IEC PAS 63166:2018 © IEC 2018

Annex C Guidelines for mechanical interface test (informative)........... veeeeaD2
Annex D History of Changes........... ereereresserneisenneranes ereererasserneeens erenrerennens 54
i CT=T 1T - | P PRTRPRRRPPRN.. -
00 [ o Yo (¥ ot o [P PRSPPI 56
Y ol o T TN 56
1.3 CoNfOrmManCe aNd FEFEIENCES. .....uii ettt et e e st e sttt e e sttt e e s s abeeessasteeesbbeeesnnbaeesnasaeas 56
0 I 0o T4 o o =Y ol ST PPRRUPPPPRTPUON 56
1.3.2 NOIMALIVE FEFEIENCES eoneeeiiiieeteeee ettt sa e s bt e st e e sat e e sabeesbbeesabeesabeesateennnes 56
1.3.3 INfOrMAtiVE FEIEIENCES .. .iiieiiieieieiieieeet ettt s sttt e st e e sttt e sabeesbteesabeesbteesabeenseeenneeenses 57

1.4 4ommON defiNITIONS ..cccveiiiiiiiie ittt et be e s beesreesbeessneesbaesnseeseneesnsehesTand [eeeenne 57
I (oY a0 TaqToT o I Lol o] o1 o o T3R0S NN IS 59
1.6 OMMON SYMOIS ... e e e e rrrrr e e e e e e e brrr e e e e e e s ennnnaeeeeeeseene e e e eeennrrenes|eeeenn 59
1.7 dOMMON CONVENTIONS ...eeiiiiiiiiiiiiiiieeeeeieie et e e e e e ebteeeeeeeessbeeteeeesessensnnreeeesesesnnnssees {opmsamhaneeeeeessasnnnnennee|oeenas 60
171 CroSS FEfEIENCES . .ccicuiiieiiiee ettt ettt e ste e e ssbeeessbeeessneeeessnseeessnsedoagneeessnsseeessssseessssseesss]seeeans 60
1.7.2 InfOrmative tEXL «o.veeeieiiieeciecceee ettt sttt Aot steesaeeesaeeenneeens eenuees 60
1.7.3 Terms in CAPItalS...ccccueeeiiiieeeeciee ettt tee e e e e e s tae e e et e e e s ssme e e hmt e e e eennnneesnseeessnsneesensnneess]eeeans 60
1.7.4 Units of physical qUaNntities .......coeecuiii i S0e e sttt e et e e s snre e e e s eneesennneeesseeeen 60
1.7.5 DECIMaAl SEPArator .....uvveiiiieeeeiiieeeiieeeceeeescteeeseeeessrreeessneeaCns o benseeeesnssesesssneesssseeesssseesssssneess]seeeans 60

2 Overview of Zhaga (informative) .......ccevveeeeeeiliinmmiiiiiiiccccnniececcceneenenee e 61
I o To U A o - - T U UUURRRRURRRPRIR IS 61
2.2 Zhaga building blocks and iNterfaces .......cccuveveeee e 0 e 61
2.3 ompatibility and Interchangeability .............c. 3 e e e 63
2.4 BrodUCt DAta SEt .....ueieiiiieiiiiee ettt B i bt e sttt e e sttt e e st e e s sbae e e sbte e e s abaeessabaeeesbteeeesataeesanneaessnns[eeenue 63
2.5 QOMPlIANCE TESTING..eeeicieiiee ettt T ettt e et e e e tte e e e ttr e e e sataee e sasseeeesstseessnsaeeesnssesessssneessnsenessnns|aennnes 63
2.5.1 Certification . ..ueeeeeeieecee e R et e e e sbeesare e sbeesreesane | erneens 64
2.5.2 Market SUIVEIIIANCE ....o..ee s Tttt st ste e st e sreesateesbeesabeesabeesaneesane | erseens 64

2.6 Qompatibility ChECK .. ... . et e e e e e e e e e e e e s e e anraeeeeaesessnnseeeaans 64
2.7 Znaga product CErtifiCatiOmn ... .coieuiei ittt e e st e e s te e e ssabee e s sbte e e ssntaeesnaneeessane [eennne 65

3 Melchanical iINtErface ....cccucieeeiiieiieeiireieteereecreeereneereeeeenserensesenserasecsaseches 00
3. L OraWing PriNCIIES ...ttt e e e e e e a e e e e e e e e aataeeeeaeeeaanbaeeeeeeeeannnraaaeeaeeeennnns|ereaens 66
3.2 Nechanicalinterface between Separate ECG and LUMINGIre. .....oocuvieiiiieeeniiiiee e esiieeessieeessieeessis fe e 66
IR | 0 =Tn 1= L A =Dd o =L 1Y Lo o T SURRUUPRPSSN RS 66

4 PhOTOMETTIC INTETTACE ..eveveerecrerosresssssssesssssssssssssssssssssssssassssassssssssssssassssneess®7

4.1 Light EMITEING SUIMTACE ..eeieeiiie ettt e e e e ettt e e et e e e ata e e e ensaeeesasseeeestaeesensaeeesnsseeeanssaeesansenns 67

O R I Y o= 1 =Y o ] 4 [T PP PTPTPPPPPPPPPTPRE 67
4.2 Operating conditions for measuring photometric Parameters.......ccccveviecieeecciee e e 68
.3 LUMINOUS FIUX 1ettniiieeieiiee ettt ettt e et e e et e e s st e e e st te e e s abeeessabaeeesabbeeessbaeesaabteessabbaeesnasaeesanseeas 69
4.4 Luminous intensity distribULION ..........uiiiiiii et e e e e e e e e e e e e e anraes 69

4.4.1 Beam angle and beam angle CategOriES......cuuuiiiii et e et e e e e e a e e e e e eaas 70
4.5 LUMINGNCE UNTTOIMILY 1oiiiiiiiiiiiiie et e et e e e e e e ettt r e e e e e e eeeaaaaaeeeaeeeeessssesaeasseansssaeseaassennnnrens 70

4.6 Correlated color tEMPErature (CCT) .o iiieeeeciee e eeee e ereee e stte e e s ete e e e saraeeessreeeeansaeesensaeeessseeeasssseesnnnens 70


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

IEC PAS 63166:2018 © IEC 2018 -5-

4.7 Color rendering iNAEX (CRI) ....c.ueie et e ettt eette e e et e e e e ett e e e eeteeeeetaeeeeetbeeaeessaeeeesssaeesbeseeassaeesansnnas 71
4.8 Luminaire OPLics (INFOrMATIVE) ...ocoieiiieeiiie e ettt e e et e e e ate e e e eta e e e eebbeeeeeataeeeeanenas 71
5 Electrical interface.....cccccciiiieeeiiiiiiieiiiiiiinicnnncnescnnneneesesssesnssssssenssssessees 72

5.1 Electrical insulation (INfOrMatiVe) .........eeeieiiii et e e e et e e et e e e enaee e e seaeeeennes 72

(o3 1 (=L 0 LT L =] o <Y A

6.1 Background information (iNfOrmMatiVe) .........ceeciiii et e e e e e et e e e s rreeeennes 73
6.2 Generic thermal iNterface MOEl ........cooviiiiiiiiii e et ssbe e s saee e 73
LT R CT=T o 1=T -1 of- 1 S O USRS U PP TUPUPPRRTP 73
6.2.2 TeSt FIXEUINE TP T ittt ettt ettt e e st e e e e e e sttt e e et e saaiit e eeeeeeaaiitieeeeessaanneee 75
6.2.3 Rated Operating Temperature and safety (informative) ........ccccooecveiieciiii e G [ 75

.4 Thermal overload protected LED Light Engine (Informative).........ccoeeeeeiiiieciieeecceeceeeemen N 75
B AMDIENT TEMPEIATUNE .. uuiiiiieee ettt e et e e e e e e esetaareeeeeeesearssaeeeaeesesssssesssessessdusrenaesss|orienns 76
.6 Luminaires with multiple LLEs or multiple LED Modules .........ccccceeeeveeeeccveeencveeeeeeizmtlh e 76
.7 Thermal compatibility ChECK .....ccocuvieeeee e e sn e e e ennee e e 76
.8 Thermal UNIfOrMItY ....cocccieiieiiee e ete et e e e senene e e B e e e s e e e snne e e 77
.9 Thermal Interface Material ........cooceeeiriiiiiniiiiiiieeieeeeieee e e [ 78
.10 Surface planarity and roUghNESS.........ocouiiiiiiiiieceee e ettt e e e e eeennneee e e e | e 78
.11 Aging of LED Light Engine or LED Module (informative) ........ccceco e Sreeieeciee e e 78
.12 Influence of the Electronic Control Gear on the thermal interface (informative) .......cccccceeeeiitfennnn. 78
.13 Ambient Temperature and thermal resistance (Rth). ..........t..N o[ 79

R R S

{00 ) BT 1) =) o 1= Lol = I E  R NY .1 ()

~N
0
o

ANNEX A ComPpliance testS....ccccieeiireiireiieainnfiereniernerreerenerenserensssnssesnsessapees 81

A.0 UED Module COMPIIANCE tESTS...uuiiiiiiiieeeiiiieeiiiieeeree B ereeesieeeestteeessseseeesssaeeesssesessssseesssseesssssesessssnes |onseees 81
A.D.1 LED Module mechanical interface test ... i ettt eeerree e e e e esnnreees | e 81
A.D.2 LED Module photometric interface teStS ../ iieeeciee e e ereee e cee e estee e esre e sire e e e snee e s e nnneees feeeen 81
A.D.3 LED Module thermal iNterfate teSTS .l ummmiriiiriiiiieieieirieirieieeeieeeerereeeeeeeeereeeeeeeeesesesesesssesesssesssesssforeeens 83
A.D.4 LED Module electrical INtErface tESES ......uuviiiiirieiiiiieiiieieieieeeeeeeeeeeereeeeereeeeereeeeeeeeereeesesesesssesssesssesssforeeens 84
A.D.5 LED Module Product Data SET TSt ........vvviiiiieiiieiiiiieirereeieeeeeeeeeeeeeereseeereeeeeseeeeeseeesesesssssssssssesesssssssforeeens 84

AL ULE COMPIIANCE LSS vuveieeiietd s ettt e e e e e e e tre e e e e e e e e easaaeeeaeeseesnnsseesaasssnsnsssensaess|esssnes 85
AL.L LLE Mechanical INTerfaCB LBSTS ...ccieuireeieei ettt ettt e e eeertre e e e e seetsrrereeeeseeantreseeessessnnssnnes|oeeenns 85
A.[L.2 LLE photometric iNt@ITaCe TESTS ...uuiiiiiiiie i e ccteeeeeee et et e e str e e e tre e e snaeeeesanneessnnneess | oeeeans 85
ALLL.3 LLE thermal iNtEFFAGE TESTS .uuvviiiiiiiiciiieieee ettt ettt e e eeetatre e e e e e seeastrereeeseeenastresesessessnsrenes|oeeenns 88
ALLL.4 LLE electrical ITEETTACE tESES .uvviiiiiiiiiiiiiee ettt e e s s eearr e e e e e s e essaabreeeesesessannennes|oeesins 93
ALJL.5 LLE CONErOl TNEEITACE tESTS.ccuviiiiiiiiiiiiiiiriiiieiieeeerereeeeeeeeeeeeeeereeeeeeeeererererereereerrereesrsesesesesssssssssssesssesss|eeeens 93
F N SR N o oY (W D =] = T A (=T TR RPNt 93

A2 uminair@COMPlIanCe tESES .ooveeiieiiiiiee ettt ettt st e e s sbee e s s bte e e ssabaeessabteessbreeesnanaes |erreeas 93
A.R.1Luminaire mechanical iNterface tSTS ....uiiiiiiiiireiiii ettt eeesrree e e e e eeesnnnreees | e eeens 93
A.p:20dminaire photometric iNterface tESS ...ciiviiii i e e naee e e 94
A.2.3 Luminaire thermal INterface tESES......uuuiiiiiiiieeee e e e eeerrr e e e e eesatreeeeeeeeeans 94
A.2.4 Luminaire €leCtriCal INTEITACE TESTS .. uuuiiiii ittt ettt eeee e e e e e e eesantreeeeeeeeenantrereeeeeennns 94
A.2.5 LUMINGITE CONTIOI INTEITACE TESTS ..uviviiiiiiiiiiiiiiiiieieeeeeeeeeeeee ettt e et et e e e e e e e e eeereeerereserereeeeeeerereeerereereeees 95
A.2.6 LUMINGITE ProdUCE DAta SET TEST ...evvviiiiiiiiiiiiiiiiieiiieieieeeeeeeeeeeeeeeeeeeerererereeeeereereererererererererererererererrrrererees 95

Annex B History of changes........cccceciiieeiiiiieiiiiciciieeicrreeccreeecnsenscenenesenenns. 96


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

-6- IEC PAS 63166:2018 © IEC 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ZHAGA INTERFACE SPECIFICATION BOOK 1 AND BOOK 7

FOREWORD
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ZHAGA INTERFACE SPECIFICATION BOOK 1 AND BOOK 7

Subdivision 1

Zhaga Interface Specification Book 7
Rectangular LED Module with undefined LES

Summary (informative)

Backgr
The Zh
associa

Zhaga
and/or
interfa
easy to

bund
ga Consortium is a global lighting-industry organization that aims to standardize LED light-engines
fed components such as LED modules, holders and electronic control gear (LED drivers)-

as created a set of interface specifications, known as Books. Each Book defines ai L'ED light engine
associated components by means of the mechanical, photometric, electrical, thérmal, and control
es of the product to its environment. This makes such products intercharigeable in the sense that
replace one product with another, even if they have been made by different manufacturers.

Contengts

This bo
the ligh

This bo

pk 7 defines several LED modules. Each LED module has a rectangular shape and the only restricti

and

itis

pn to

t emitting surface is that no light is emitted in the direction-of the reference plane of the LED modlule.

pk must be read together with book 1, which is included as Subdivision 2 of this document.

Intendé¢d Use

The Bo
are intg

bk-7 LED module can be mounted in a luminaire, for example by means of screws. Book-7 LED mq
nded to be replaced by professionals.only.

dules
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1 General

1.1 Introduction

The Zhaga Consortium is a global organization that aims to standardize LED Light Engines and
associated components. A LED Light Engine is a light source for general lighting that is based on
solid state technology, and typically consists of one or more LEDs combined with an Electronic Control
Gear. Examples of associated components are LED Modules, Electronic Control Gears, and Holders.
Zhaga has created a set of interface specifications, known as Books defining interfaces between LED
Light Engines, associated components and Luminaires.

Book 1 is a special Book in the sense that it provides common information, which is relevant to all
other Beeks-inthe-series—raddition Book—t-definesrequirements-and-compliareetests—whieh are
applicable across multiple Zhaga books. Such Books refer to those requirements and compliah¢e
tests as applicable.

1.2 Bcope (informative)

This Bpok 7 defines LED Modules, which can be fixed in a Luminaire. This document defines:
e | Ten categories of the rectangular shaped LED Modules.

e | Luminaires that provide the appropriate environment for the Book-7 LED 'Wiodule(s).

Book 1 LED Modules are intended to be installed and replaced by Luminaire manufacturers only.
Book 1 is included as Subdivision 2 of this document.

1.3 [Conformance and References

13.1 Conformance

All proyisions in the Zhaga interface Specification are;mandatory, unless specifically indicated as
recommended, optional or informative. Verbal expressions of provisions in the Zhaga Interface
Specification follow the rules provided in Annex H'of ISO/IEC Directives, Part 2:2011. For clarity, the
word “ghall” indicates a requirement that is to be followed strictly in order to conform to the Zhagp
Interfage Specification, and from which no déviation is permitted. The word “should” indicates that
amond several possibilities one is recommended as particularly suitable, without mentioning or
excludjng others, or that a certain course-of action is preferred but not necessarily required, or that (in
the negative form) a certain possibility-or course of action is deprecated but not prohibited. The word
“may” |ndicates a course of actionpermissible within the limits of the Zhaga Interface Specificatipn.

The word “can” indicates a possibility or capability, whether material, physical or causal.

1.3.2 | References
For references that are‘not listed in this section, see [Book 1]. For undated references, the most recently
publishled edition applies.

[Book 1] Zhaga Interface Specification, Book 1: Overview and Common Information.
Book 1 is included as Subdivision 2 of this document.

[ISO/IEL15948] Information technology — Computer graphics and image processing — Plortable
Network Graphics {PNG)Functionatspecification:

[IEC 60598-1] Luminaires — Part 1: General requirements and tests

[LEDset-Inf] LEDset1 Information Interface Specification, Edition 1.2, November, 2016 available
from md-sig.org.

[LEDset-Pow] LEDset Power Interface Specification, Edition 1.1, November, 2016 available from
md-sig.org.

1.4 Definitions

This section defines terms that have a specific meaning in the context of this Book 7. Terms that have
a specific meaning across all Zhaga Books are defined in [Book 1].
Book-7 LED Module LED Module according to the specifications in this book.
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Uniformity Test Diffuser  Diffuser plate that is used for measuring luminance uniformity.

LED Module Demarcation The mechanical boundary between a LED Module and its environment consisting of
a Luminaire and interconnect.

1.5 Acronyms

This section defines acronyms that have a specific meaning in the context of this Book 7. Acronyms
that have a specific meaning across all Zhaga Books are defined in [Book 1].
uTD Uniformity Test Diffuser

1.6 Symbols

This section defines symbols that have a specific meaning in the context of this Book 7. Symbols that
have gspecific Illb'dllillg acrossattZt Taga Booksdefimedim{Book—i:
dytp Distance between the mounting plate and the UTD (unit: mm).

t Temperature at a specific point on the LED Module (unit: °C).

p

Ep,normhl Value of the temperature t, at normal operating conditions (se€/section 8.31; unit:
°C).

Lo rated Value of the temperature t, at which the Rated LED Module values are specified
(unit: °C).

tp,headr om = tp,rated - tp,normal (unit: OC)-

1.7 [Conventions
This s¢ction defines the notations and conventions used in théZhaga Interface Specifications.

1.7.1 Precedence

In the gase of any perceived discrepancy between thé definitions provided in Part 1 of this document,
Interfage Definition and the definitions provided in Rart 2 of this document, Compliance Testing, the
definitipns provided in Part 2 take precedence over the definitions provided in Part 1.

1.7.2 Cross references
Unlesq indicated otherwise, cross references to sections include the sub sections contained therein.

1.7.3 Informative text
Informptive text is set in italics, tinless the whole section is marked as informative.

1.7.4 | Termsin capitals
Terms|that have a specific’meaning in the context of this Book 7 are capitalized. See section 1.

+=

1.7.5 | Units of physical quantities

Physigal quantities are expressed in units of the International System of Units. All lengths that omit an
explicif unit-indication are in millimeters.

1.7.6 | _Decimal separator
The decimal separator is a comma.

1.7.7 Limits
Values that are indicated as typical, as well as values between parentheses, are informative.
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2 System Overview (informative)

2.1 General

General information with respect to the Zhaga Interface Specifications and certification of products that
comply with this Book 7 can be found in [Book 1], section 2.

2.2 Description of the LED Module

This Book 7 defines several categories of LED Modules. These LED Modules are intended to be

mounted in a Luminaire. Figure 2-1 illustrates an example of an LED Module-Luminaire combination.
In this example the Luminaire holds two LED Modules. In practice, a Luminaire may hold any number
of LEQ Modules.

| Optional Luminaire Optics |

LED Module LED Module

Luminaire |

Figure 2-1: Example a Luminaire with two LED Modules

The Lyminaire typically features Luminaire Optics which shape the light output of the LED Module(s).
The photometric interface of the Book-7 LED Module is spegified in such a way that using suitabje
Luminaire Optics, similar Luminaire performance is to be expected in typical applications using

differept LED Modules with the same luminance uniformity. The specification has been carefully
evaluated to yield as much as possible “similar” performance without restricting the LED technolpgy or
the inner structure of the LED Module.

2.3 Putline of this Book

This Bpok 7 consists of two parts:
Part 1 |Interface Definition, defines thes:'ED Module-Luminaire interface in terms of the four sub
interfages:

e | The mechanical interface (section 3).

e | The photometric interface (section 4).
e | The electrical intefface (section 5).
e | The thermal interface (section 6).

Part 2,| Complian€e-Tests, defines:
e | Specific\tools, which are used for testing compliance of a LED Module or a Luminaire (section 7)

e | The LED Module tests (section 8).

° The luminaire tosts (corﬁnn Q)

The Annexes to this Book 7 provide the following additional information:
e Requirements on the information that shall be part of the Product Data Set (Annex A).

e Measurement of Luminance uniformity (Annex B)
e Guidelines for mechanical interface test (Annex C)

e History of changes (Annex D)
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Part 1: Interface Definition
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3 Mechanical Interface

3.1 Drawing principles
For the purpose of this section, the provisions in [Book 1] - section 3.1, apply.

3.2 Mechanical references

The reference plane and the reference point of a LED Module, including (optional) TIM are defined in

Figure 3-1. Dimensions are specified relative to either the reference point or the reference plane
unless indicated otherwise. Moreover, dimensions are specified to include the thickness of the T
present).

IM (if

Cross section A-A .
I(_,_—Z-aXIS _ LED Module

-

[ “//// TIM (optional)
. —
) %
: \
reference point Mreféfence plane

A Q

~

|
| ~ < X-axis
T

Figure 3-1: Positions of the reference point and the reference plane of the LED Module.

3.3 Book-7 LED Module categories

This Bpok 7 specifies a number@®©f LED Module categories1 that are identified by a designation. |
following sub sections, the LED Module Demarcations of these Book-7 LED Module categories 3
specified.

No part of a LED Module. shall cross the outline boundaries of the corresponding LED Module
Demaircation. And no part of a Luminaire shall cross the outline boundaries of the corresponding
Modul¢ Demarcation.

Unlesq stated otherwise, all holes shall be available and for each hole at least 25% of the
circumfference ofthe hole shall be present in the LED Module.

In cas¢ the/LED Module is applied in combination with a Thermal Interface Material, this materia

n the

LED

is
the

defined to/be part of the LED module. Thus the total height of the Module + TIM shall not exceeq

maximurm-height-H-
Additionally, for the purpose of this section, the provisions in [Book 1] - section 3.3, apply.

Note that the LED Module demarcations not only define restrictions for the LED Module but also for the Luminaire.
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331 LeW6

The LED Module Demarcation® of the LEW6 category is defined in Figure 3-2 and Table 3-1. The
designation for this category is ‘L6W6'.

dimension Value
60
60
20
48
48
20

35
4,3

Qo oo /s

Table 3-1: LED Module Demarcation of the L6W6 category.

Notes {o Figure 3-2:
e | X-axis is symmetry axis for the outline and the mounting holes.

e | Y-axis is symmetry axis for the outline and the mounting holes.

e | The hashed area indicates the keep-in zone for the LED Module and the keep-out zone for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-2: LED Module Demarcation of the L6W6 category.

The top figure shows the detail.
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332  L14w2

The LED Module Demarcation® of the L14W2 category is defined in Table 3-2 and Figure 3-3. The
designation for this category is ‘L14W2’.

dimension Value
140
24
20
110
18,4
15
dc 4,3

o|loc|o |IT S r

Table 3-2: LED Module Demarcation of the L14W2 category.

Notes o Figure 3-3:
e | X-axis is symmetry axis for the outline and the cross-hair lines of the mounting holes.

e | Y-axis is symmetry axis for the outline and mounting holes.

e | The hashed area indicates the keep-in zone for the LED Module and the keep-out zone for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Reference point

Reference plane

Figure 3-3:

LED Module Demarcation of the L14W2 category.

The top figure shows the detail.
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333 L28w2

The LED Module Demarcation* of the L28W2 category is defined in Figure 3-4 and Table 3-3. The two
mounting holes at the bottom of the diagram of Figure 3-4 are optional for the LED Module but
mandatory for the Luminaire. The designation for this category is ‘L28W?2'.

dimension Value
280
24
20
125
18,4
dc 4,3

oo I|S|r

Table 3-3: LED Module Demarcation of the L28W2 category.

Notes {o Figure 3-4:
e | X-axis is symmetry axis for the outline and the cross-hair lines of the mounting‘holes.

e | Y-axis is symmetry axis for the outline and mounting holes.

e | The hashed area indicates the keep-in zone for the LED Module and the keep-out zone for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-4: LED Module Demarcation of the L28W2 category.

The top figure shows the detail.
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334 L28W4

The LED Module Demarcation® of the L28W4 category is defined in Figure 3-5 and Table 3-4. The
designation for this category is ‘L28W4’.

dimension Value
L 281
w 41
H 20
a 110
b 31
dc 4,3

Table 3-4: LED Module Demarcation of the L28W4 category.

Notes {o Figure 3-5:

X-axis is symmetry axis for the outline and the cross-hair lines of the mounting‘holes.

Y-axis is symmetry axis for the outline and mounting holes.

The hashed area indicates the keep-in zone for the LED Module and the keep-out zone for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-5: LED Module Demarcation of the L28W4 category.

The top figure(shows the detail.
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335 L28wWé6

The LED Module Demarcation® of the L28W6 category is defined in Figure 3-6 and Table 3-5. The
designation for this category is ‘L28W6’.

dimension Value
281
61
20
91
40
dc 4,3
11
15

oo I|S|r

Table 3-5: LED Module Demarcation of the L28W6 category.

Notes fo Figure 3-6:

X-axis is symmetry axis for the outline and the cross-hair lines of the mounting holes.
Y-axis is symmetry axis for the outline and the left- and rightmost mounting holes.

The hashed area indicates the keep-in zone for the LED Module and the keep-out zone for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-6: LED Module Demarcation of the L28W6 category.
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336 L28W28

The LED Module Demarcation’ of the L28W28 category is defined in Figure 3-7 and Table 3-6. The
designation for this category is ‘L28W28’.

dimension Value
281
281
20
222
180
dc 4,3

oo I|S|r

Table 3-6: LED Module Demarcation of the L28W28

Notes {o Figure 3-7:
e | X-axis is symmetry axis for the outline and the mounting holes.

e | Y-axis is symmetry axis for the outline and the mounting holes.

e | The hashed area indicates the keep-in zone for the LED Module dnd'the keep-out zone ffor the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-7: LED Module Demarcation of the L28W28 category.

The top figure shows the detail.
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3.3.7 L38w38

The LED Module Demarcation® of the L38W38 category is defined in Figure 3-8 and Table 3-8. The
four mounting holes in the corners of the diagram of Figure 3-4 are mandatory for LED Module and

Luminaire. The other mounting holes are optional for the LED Module but mandatory for the Luminaire.
The designation for this category is ‘L38W38’.

dimension Value
L 381
w 381
H 20
a 371,9
at 213
b 67,2
dc 4,3

Table 3-7: LED Module Demarcation of the L38W38 category.

Notes fo Figure 3-8:
e | X-axis is symmetry axis for the outline and the mounting holes.

® | Y-axis is symmetry axis for the outline and the cross-hair lines 6f mounting holes.

® | The hashed area indicates the keep-in zone for the LED Module and the keep-out zone for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-8: LED Module Demarcation of the L38W38 category.

The top figure shows the detail.
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3.3.8 L56W56

The LED Module Demarcation® of the L56W56 category is defined in Figure 3-9 and Table 3-8. The
designation for this category is ‘L56W56’.

dimension Value
562
562
20
503

461
Jdc 4.3

oo I|S|r

Table 3-8: LED Module Demarcation of the L56W56 category.

Notes to Figure 3-9:
e | X-axis is symmetry axis for the outline and the mounting holes.

Y-axis is symmetry axis for the outline and the mounting holes.

The hashed area indicates the keep-in zone for the LED Module_and the keep-out zone

for the
Luminaire.

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-9: LED Module Demarcation of the L56W56 category.

The top figure shows the detail.
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3.39 L56W2

The LED Module Demarcation® of the L56W2 category is defined in Figure 3-10 and Table 3-9. The
four mounting holes at the bottom of the diagram of Figure 3-4 are optional for the LED Module but
mandatory for the Luminaire. The designation for this category is ‘L56W2’.

dimension Value
560
24
20
125
18,4
30
dc 4,3

o|lo|o |T S|

Table 3-9: LED Module Demarcation of the L56W2 category.

Notes o Figure 3-11:
e | X-axis is symmetry axis for the outline and the cross-hair lines of the mounting holes.

® | Y-axis is symmetry axis for the outline and mounting holes.

® | The hashed area indicates the keep-in zone for the LED Module and the keep-out zone [for the
Luminaire.

10

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-10: LED Module Demarcation of thé L56W2 category.

The top figure shows the’detail.
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3.3.10 L56W4

The LED Module Demarcation’" of the L56W4 category is defined in Figure 3-11 and Table 3-10. The
designation for this category is ‘L56W4’.

dimension Value

L 561
w 41
H 20
a 110
b 31

dc 4,3

d 61

Table 3-10: LED Module Demarcation of the L56W4 category.

Notes o Figure 3-11:

X-axis is symmetry axis for the outline and the cross-hair lines of the mounting holes

Y-axis is symmetry axis for the outline and mounting holes.

The hashed area indicates the keep-in zone for the LED ModUle“and the keep-out zone
Luminaire.

for the

11

In this demarcation model, the minimum diameter of the mounting holes at nominal position is specified. In typical designs the
diameter of these holes will be larger allowing for a tolerance on the position of the holes.
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Figure 3-11: LED Module Demarcation ofithe L56W4 category.

The top figure shows'the detail.
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3.4 Requirements on the mechanical interface of the Book-7 Luminaire

For each LED Module to be mounted in the Luminaire, the Luminaire shall be compliant with the LED
Module demarcation for the corresponding category as defined in section 3.3.

3.4.1 Flatness and roughness of the Thermal Interface Surface

This Edition of Book 7 does not contain requirements on the flatness and roughness of the Thermal
Interface Surface of the Luminaire.

3.4.2 Luminaire keep-out for interconnect

The Luminaire should foresee space for the interconnects between LED Module(s) and ECG and
between ECG and external power.
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4 Photometric Interface

4.1 Light Emitting Surface

The Light Emitting Surface of the LED Module shall be such that there is no light emitted in the
direction of the Reference Plane (see section 3.2). This edition of Book 7 does not contain further

requirements on the Light Emitting Surface of the LED Module.

4.2 Operating conditions for measuring photometric parameters
For the purpose of this section, the provisions in [Book 1] - section 4.2 apply, with the following

exceptions:
e | The requirement on t, does not apply.

e | The heat sink(s) of the test fixture(s) shall maintain the temperature (t,) within the range t} ...q £
1°C.

4.3  Luminous flux

For theg purpose of this section, the provisions in [Book 1] - section 4.3 apply except for the flux
categdries in [Book 1], table 4-1. The allowed flux categories with correspondifig minimum and
maximum luminous flux values per luminous flux categories are defined incTable 4-1.

luminous flux Minimum luminous flux | Typical luminous\flux [Im] Maximum luminous

category [Im] flux [Im]
100 85 100 150
200 150 200 250
300 250 300 345
400 340 400 500
600 500 600 690
800 680 800 935
1100 935 1100 1275
1500 1275 1500 1725
2000 1700 2000 2300
2500 2125 2500 2875
3000 2550 3000 3450
4000 3400 4000 4600
5000 4250 5000 5750
6000 5100 6000 6900
7000 5950 7000 8050
8000 6800 8000 9200
10000 8500 10000 11500

Table 4-1: Luminous flux categories

4.4 Luminous intensity distribution
This edition of Book 7 does not contain requirements on the luminous intensity distribution of the LED
Module.

4.5 Luminance uniformity

When designing Book-7 LED Modules with multiple LEDs, there is always a trade-off between low
LED number and homogeneous fill factor of the module surface. Large LED numbers per area are
associated with high luminance uniformity, meaning it is easy to construct a Luminaire where single

LEDs are not visible as single bright spots.

In this section a method is described to measure and to evaluate the luminance uniformity of Book-7
LED Modules. This method is specifically designed to compare LED Modules in one idealized
application, not to predict LED Modules appearance in any possible application. Rather, if a user has
chosen a certain LED Module, he can use the data gathered with the methods described here to
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estimate if another LED Module will result in similar, “higher” or “lower” luminance uniformity in his
application.
Only a single LED Module is measured and assessed. Thus, the acquired data gives only indications
about the luminance uniformity of one LED Module. The measurement setup for luminance uniformity
is schematically depicted in Figure 4-1. The LED Module under test is placed on a mounting plate
large enough to support the LED Module. On top of this, the Uniformity Test Diffuser (UTD) is placed.
A luminance camera in sufficiently large distance to avoid image distortion is used to record the
appearance of the UTD. A detailed description of the setup is in Annex B.

Luminance
camera
\\

The re
data a
catego
on the
luminal

utD LED Module
P4
Mounting plate

Figure 4-1: Set-up for luminance uniformity measurement.
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5 Electrical Interface

5.1 Electrical interface to the ECG

The LED Module defined in this Book 7 shall comply with the provisions of [LEDset-Pow].

The LED Module defined in this Book 7 shall comply with the provisions of [LEDset-Inf].

(Informative)

A LED Module that is compliant with [LEDset-Inf] can have either a 2-wire electrical interface (2 wires
configured to be connected to a current source) or a 3-wire electrical interface (2 wires configured to
be connected to a current source and the third wire is used to control the current of that current source.
Moreover, such alLED Module may have add/t/ona/ wires and funct/ona//ty as long as the LED Module

It is re¢commended to specify the implemented electrical insulation according to the applicable
standdrds in the Product Data Set of the LED Module.

5.3 echanical aspects of the electrical interface to the ECG
This eglition Book 7 does not define the mechanical aspects of the electrical interface to the ECG.
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6 Thermal Interface

6.1 Background information (informative)

In general, one of the most challenging issues in LED lighting is related to the junction temperature of
the LED. On the one hand this component is made of a semiconductor material and therefore it is
sensitive to operating temperature, both in terms of performance and lifetime. On the other hand the
operating temperature of the LED is not only determined by the design of the LED Module but also by
the design of the Luminaire and by the ambient temperature.

For Book-7 LED Modules, the situation is special. Many Book-7 LED Modules are very tolerant with

erheat

without special precautions.

6.2 [General thermal requirements for Book-7 LED Modules

The LED Module manufacturer shall indicate in the Product Data Set the gosition of the temperature
measuyrement point (typically on a hot spot near a LED or a solder point)1 . Lhetemperature thaf is
measyred at this point is denoted: ¢,.
The LED Module manufacturer shall list the value of the ¢, .ceq in the Rroduct Data Set and this palue
Of ty rafea Shall be such that if t, = t; raeq, @ New sample of the LED\Module (at zero burning hoyrs)

shows|photometric values equal to the Rated values within tolerances defined in the Zhaga Interfface
Specification.
The LED Module manufacturer shall list the thermal headrodm ty headroom (S€€ section 6.3) in the
Produgt Data Set.
It is re¢commended to list in the PDS the value of the thermal power of the LED Module (P;,) as defined
in [Bogk 1].

6.3 [Thermal headroom of Book-7 LED:Modules

In ordgr to determine the thermal headreom of the LED Module, the LED Module is mounted in the
Thermpl Headroom Test Fixture which is defined in section 7.1.2. Following the test procedure ds
defined in section 8.3.1.3, the valug\of t,, is determined during normal operating conditions (among
others|at an ambient temperature of 25°C). This value is denoted: t,, ,prmq;- The thermal headrogm
tpheadrbom IS derived from t .4 @nd ty normar USINg EQ. 6-1:

EQ. 6-1f tp,headroom = tp,rated - tp,normal

The vglue of the thermal headroom can be used by the Luminaire manufacturer to determine thg
measures that are required for thermal compatibility. LED Modules with t, headroom = 20 °C are
typically tolerant with respect to the thermal interface when applied in a typical Book-7 Luminairg. No
extra tests of the thermal interface are required for this type of LED Modules.

LED Madules with t 4 eqq < 20 °C are typically more demanding with respect to the thermal

uuuuuuuuuuuu

interface when applied in a typical Book-7 Luminaire. Without special precautions these LED Modules
may overheat. LED Module manufacturers are recommended to include additional information in the
PDS with respect to the thermal interface. And Luminaire manufacturers are advised to use this
information and optionally perform additional tests to check thermal compatibility.

2
This point is different from the measurement point of the Reference Temperature defined in book 1 as the position of ¢, is LED
Module dependent and typically does not lie on the Thermal Interface Surface.
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Part 2: Compliance Tests
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7 Compliance test tools

7.1 LED Module test tools

7.1.1  Test Fixture PETF (photometric and electrical)

The PETF for Book 7 LED Modules is a temperature controlled heat sink that allows for mounting the
LED-Module-under-test and that can be attached to the photometric measurement system.

7.1.2  Test Fixture THTF (Thermal Headroom)

F' Z. 4 11 4 4 4lo Tl Ll <l I 4+ it Tl 4lo Il f
|gure r=rmustailco Uic TTITHTTIAr TTSaQUTOUTTT TTOU T TAWUTT (TTTTT ) USTU TUT UTTTITIAl TTTCASUTTTTICTIT S O

the LED Module. The Test Fixture consists of a metal frame (Figure 7-2), a metal back plate,(Figure
7-3) and a cover plate (Figure 7-4).

Figure 7-1 Thermal Headroom Test Fixture
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The mechanical dimensions of the frame of the Thermal Headroom Test Fixture are defined in Figure
7-2 and the requirements on the dimensions are listed in Table 7-1. The frame is made of steel.

Figure 7-2 Mechanical dimensions of frame.

dimension min @ N typical max
a 580 581 582
b 89 90 91
c 528 530 532
d 0,6 0,7 0,8
e 3,3 3,4 3,5

Table 7-1 Mechanical dimensions of frame.



https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

—-42 - IEC PAS 63166:2018 © IEC 2018

The mechanical dimensions of the back plate of the Thermal Headroom Test Fixture are defined in
Figure 7-3 and the requirements on the dimensions are listed in Table 7-2. The back plate is made of
stainless steel 1.4301 (X5CrNi18-10) with white coating and with a thermal conductivity of 15

W/mK +/- 3 W/mK.

Figure 7-3 Mechanical dimensions af,back plate.

dimension min typical max
a 575,5 577 578,5
b 1,95 2,00 2,05
c 199,5 200 200,5
d 399,5 400 400,5
e 4,5 4,6 4,7
f 559,5 560 560,5

Table 7-2 Mechanical dimensions of back plate.

For mounting the .LED Module, the back plate provides holes corresponding to the Book-7 LED
Modulé category“mechanical specification(s) in section 3 of this book. The position of the LED Module
of the mounting plate shall be centered in both directions.
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The mechanical dimensions of the cover plate of the Thermal Headroom Test Fixture are defined in
Figure 7-4 and the requirements on the dimensions are listed in Table 7-3. The cover plate is made of

transparent polycarbonate.

Figure 7-4 Mechanical dimensions of the cover plate.

dimension min typical max
a 577 578 579
b 2,5 3 3,5

Table 7-3 . Meehanical dimensions of the cover plate.
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8 LED Module Compliance Tests

8.1 LED Module mechanical interface tests

8.1.1  Test of the mechanical interface of the LED Module
The purpose of this test is to verify the mechanical interface of the LED Module under test.

8.1.1.1 Testequipment

The mechanical interface should be tested with a (semi) automated 3D measuring equipment like a non-
contact optical measuring system. The measurement accuracy shall be at least +/- 0,05 mm.
Alternati ; cat i T '
the acguracy mentioned below (for example 3 mm aluminum). In that case, it shall be verified that the
gauge|complies with the corresponding demarcation model. This verification shall be doneg\with
(semi)|automated 3D measuring equipment like a non-contact optical measuring system. The
measyrement accuracy shall be at least +/- 0,05 mm.

8.1.1.2 Test conditions
The mechanical interface shall be verified at 25 + 5 °C.

8.1.1.3| Test procedure
e | Determine the designation of the LED Module category from the\Product Data Set of the LED Module
under test.

e | Find the corresponding LED Module Demarcation in sectien 3.3.

e | Verify that the LED Module under test does not cross the corresponding LED Module Demafcation.
Note that such verification includes the outline of the'LED Module under test as well as the sizd, shape
and position of the mounting holes within that.eutline. Additional guidelines for this test are provided
in Annex C.

8.1.1.4 Pass criteria

The LED Module under test passes if the result of the LED Module Demarcation verification is gositive.
Using p (semi) automated 3D measuringequipment, verification of the LED Module Demarcation is

positivg if all measurement points are'in the keep-in zone of the LED Module Demarcation with 3
tolerar|ce of 0,05 mm. Using a gauge, verification of the LED Module Demarcation is positive if the
modulg fits in the gauge.

8.2 LED Module phetometric interface tests

8.2.1 | Test of Lluminous Flux
The pyrpose~ofithis test is to verify the Rated luminous flux category of the LED Module under tgst.

8.2.1.1] ~\ Jest equipment
For this test the Test Fixture PETF as defined in section 7.1.1 shall be used.

8.2.1.2  Test conditions
See section 4.2.

8.2.1.3  Test procedure

e Mount the LED Module-under-test on the PETF. The LES shall be tightly connected to the
photometric measurement system.

e Connect a thermocouple to the t, point of the LED Module at the position defined in the PDS
of the LED Module and according to the instructions in the PDS of the LED Module. In case no
instructions are provided, it is recommended to adhere to the instructions in annex K of
[IEC 60598-1].
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e Connect the LED Module to a power supply and turn on the power supply.

e Adjust the Ambient Temperature and the heat sink temperature(s) such that, after stabilization
(see book 1; section A.1.3.4), all conditions defined in section 4.2 are met.

e Perform the test as described in [IES LM-79-08], Section 9.1.

8.2.1.4  Pass criteria
For the purpose of this section, the provisions in [Book 1] — section A.1.2.1.4, apply.

8.2.2  Test of correlated color temperature (CCT)
The purpose of this test is to verify the Rated CCT of the LED Module under test.

8.2.2.1] Testequipment
For thip test the Test Fixture PETF as defined in section 7.1.1 shall be used.

8.2.2.2| Test conditions
See sdction 4.2.

8.2.2.3| Test procedure

Use the procedure in section 8.2.1.3 to measure the spectral power density (SPD) and calculatel CCT
according to [ANSI C78.377].

8.2.2.4| Pass criteria
For the purpose of this section, the provisions in [Book 1] — section A.1.2.3.4, apply.

8.2.3 | Test of color rendering index (CRI)
The purpose of this test is to verify the Rated CRI of the'LED Module under test.

8.2.3.1] Testequipment
For thip test the Test Fixture PETF as definedin section 7.1.1 shall be used.

8.2.3.2| Test conditions
See sdction 4.2.

8.2.3.3| Test procedure

Use the procedure in section 8.2.1.3 to measure the spectral power density (SPD) and calculate| the
CRI simulating a color plate measurement according to [CIE 13.3].

8.2.3.4| Pass criteria
For the purpose-of.this section, the provisions in [Book 1] — section A.1.2.4.4, apply.

8.2.4 | Jest on luminance uniformity data

The purpose of this test is To verify The presence of graphical data representation of the Tuminance
uniformity in the PDS of the LED Module under test.

8241 Testequipment
None.

8.2.4.2  Test conditions
None.

8.2.4.3  Test procedure

e Check the presence in the PDS of a greyscale image according to the requirements in section 4.5.
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8.2.4.4 Pass criteria

The LED Module under test passes if the greyscale image according to the requirements in section 4.5 is
available in the PDS.

8.3 LED Module thermal interface tests

8.3.1  Test of thermal headroom of the LED Module
The purpose of this test is to verify the thermal headroom (t, headroom ) Of the LED Module under test.

8.3.1.1 Testequipment
For this test the Test Fixture PHTF as defined in section 7.1.2 shall be used.

8.3.1.2] Test conditions

e | The Test Fixture shall be installed in a draught free room with the cover plate facingfdown and at a
distance of at least 50 cm to the floor, to the ceiling and to the walls. The constructioh to supgort the
Test Fixture shall be as open as possible. Preferably the Test Fixture is suspended.

e | The Ambient Temperature shall be within the range 25 £5 °C and stable within{the range +1 °C.

e | The LED Module shall be connected to a power source according to the manufacturer’s instriictions.
The input current and voltage shall be within 0,2% of the Rated values.

e | The photometric output of the LED Module shall not be affected,in any way by objects (reflectors,
glass or plastic windows, heat sink features, etcetera) that are‘exterior to the LED Module or the Test
Fixture.

8.3.1.3| Test procedure
e [ Attach a thermocouple to the LED Module at the t,-point specified in the PDS.

e | Mount the LED Module in the Test Fixture.accounting to the instructions in the PDS.
e | Install the Test Fixture in a draught free.and temperature controlled room.

e [ Turn on the LED Module and waitfor stabilization of the temperature ¢, (see book 1, section A.[..3.5).
e | Measure the value of tp andnermalize it to an Ambient Temperature of 25 °C:

tpnormal = tp + 25°C—t,
e [ Calculate t, headroom according to EQ. 6-1.

8.3.1.4 Pass criteria

The LED Moduledunder test passes if the calculated t; pcadroom IS NOt l€ss than the Rated tp headjoom —
4 °C.

8 4 ER odule alactrical intarf
. CoTvriogorc-Crecorcart TT

All LED Module compliance tests as defined in [LEDset-Pow] shall be conducted and the LED-
Module-under-test passes if all these tests pass.

All LED Module compliance tests as defined in [LEDset-Inf] shall be conducted and the LED-Module-
under-test passes if all these tests pass.

8.5 LED Module Product Data Set test
For the purpose of this section, the provisions in [Book 1] — section A.1.6, apply.
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9 Luminaire compliance tests

9.1 Luminaire mechanical interface tests

9.1.1

Test on the mechanical interface of the Luminaire for mounting the LED Module(s)

The purpose of this test is to verify the mechanical LED Module interface of the Luminaire under test.

9.1.1.1

Test equipment

The mechanical interface should be tested with a (semi) automated 3D measuring equipment like a non-

contact
Alterna

optical measuring system. The measurement accuracy shall be at least +/- 0,05 mm.

the acguracy mentioned below (for example 3 mm aluminum). In that case, it shall be verified th

gauge
(semi)
measu

9.1.1.2

The mechanical interface shall be verified at 25 + 5 °C.

9.1.1.3

9.1.14
The Lu

for all LED Module positions in the Luminaire and for all LED Module categories listed in the PD

complies with the corresponding demarcation model. This verification shall be dong\with
automated 3D measuring equipment like a non-contact optical measuring systenr. Fhe
rement accuracy shall be at least +/- 0,05 mm.

Test conditions

Test procedure

Determine the designation of the LED Module category from the Product Data Set of the Lu
under test. Note that if the Product Data Set of the Luminaire under test lists multiple LED
categories, the next steps shall be repeated for each of the'listed LED Module categories.

Find the corresponding LED Module Demarcation in section 3.3.
Verify that the Luminaire under test, including mouhting means such as screws does not cr

corresponding LED Module Demarcation. Additional guidelines for this test are provided in Ann

Pass criteria
minaire under test passes if the resulf«f the LED Module Demarcation verification is posi

t the

Minaire
Module

bss the
bx C.

tive
5.

Using p (semi) automated 3D measurinig-equipment, verification of the LED Module Demarcation is

positivg if all measurement points aretin the keep-out zone of the LED Module Demarcation with

tolerar
gauge

9.2 Luminaire Product Data Set test
For the purpose ofithis section, the provisions in [Book 1] — section A.2.6, apply.

ce of 0,05 mm. Using a gauge, verification of the LED Module Demarcation is positive if t
fits is the LED module position in the Luminaire.

a
ne
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Annex A  Product Data Set requirements

In this section the requirements with respect to the Product Data Sets of Zhaga products defined in
this Book 7 are listed.

A.1 LED Module Product Data Set

The LED Module Product Data Sets shall contain the following information:
e the Book-7 LED Module category designation

e Luminous flux category at t, rateq -

e CCT category at t, rated-

® | CRlat tp rated-

e | A greyscale image with a format as defined in section 4.5.
¢ [ the position of the temperature measurement point ¢,

e [ thevalue of the ¢, rateq

e | thevalue of £, headroom

On top of the parameters listed above, the LED Module PDS shall also.include those parameters
related to the electrical interface that are mandated PDS items in [LEDset-Pow].

A.2 Luminaire Product Data Set

The Lyminaire Product Data Sets shall contain the following information:

e | The designation(s) of the Book-7 LED Module category that can be accommodated in the Lurhinaire.
For each category, the Luminaire Product Data Set shall also show the number of modules that{can be
accommodated.



https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

-50 - IEC PAS 63166:2018 © IEC

Annex B Measurements on Luminance uniformity (informative)

In this annex, a detailed description is given of the measurement of luminance uniformity of book-7
LED Modules. LED Module manufacturers should use this information for generating the luminance

uniform

ity related data in the PDS of the LED Module.

B.1 Test equipment
The measurement setup for this test is depicted in Figure B-1.

Luminance
camera

e \ d
Ul LED Module | 1 YD

P4
Mounting plate

Figure B-1: Set-up for luminance uniformity measurement.

2018

The LED Module under test is placed on a mounting’plate large enough to support the LED Module.

On top
similar

40° to p0° for normal incident light (for example Evonik DF23 7H)13. The UTD shall extend beyo
luminance data area (see section 4.5). The UTD shall be mounted at least a distance equal to d
every (lirection coplanar to the mounting-plate.
The distance between mounting plate-and UTD (dytp) shall be 20 mm (independent of the dimer
of the LED Module)™.
A lumipance camera shall be placed at a distance to the UTD of at least 1 times the largest elon
of the lJuminance data area..A-typical distance of at least 1,00 m is recommended. The optical ax
the luminance camera shall be aligned with the geometrical center of the module under test.
The luminance camera.shall be aimed at the LED Module, and record local luminance with a

resolui
pixels)

B.2 [Testconditions

of the LED Module, the Uniformity Test Diffuser (UTD) is placed. This diffuser shall have

optical properties as a 3mm thick translucent plastic sheet, with a scattering angle (FWHM) of

ion of at least-2'pixel per mm in each dimension (i.e. at least 4 pixels per mm? with square

nd the
Jp IN

sions

gation

is of

ItMs assumed that ambient conditions like temperature, humidity do not significantly affect the

measurement result.

The LED Module shall be mounted on the mounting plate according to the manufacturer’s mounting

instructions.

The LED Module shall be connected to a power source according to the manufacturer’s instructions.
The input current and voltage shall be within 0,2% of the Rated values. The photometric output of the

13 This special test diffuser has been chosen to reduce peak luminance of the LEDs, similar as in a typical luminaire situation. The diffusing
angle and back scattering are relatively low, to make the set up geometrically robust and minimize the effect of a reflective LED

Mod

ule surface.

14 This rather low value (compared to a typical Book-7 luminaire, which has a distance of 50mm to 90mm) was deliberately chosen to get
a better visible and better distinguishable outcome of the measurement.
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LED Module shall not be affected in any way by objects (reflectors, glass or plastic windows, heat sink
features, etcetera) that are exterior to the LED Module.

B.3 Test procedure

e Mount the LED Module on the mounting plate and operate it according to the manufacturer’s
instructions.

e Place the UTD in the distance dyrp from the mounting plate.

e  Adjust the luminance camera such that

o the optical axis is at center of LED Module

o theluminance camera is focused onto the UTD

o the luminance camera captures at least the luminance data area.
o no pixels are overexposed

o camera noise is minimal.

e | Make a luminance image.

e | Format the luminance image data.

o

o

Crop all data beyond the luminance data area.

Normalize the resulting image to its maximum value, leaving all pixel values between
luminance) and 1,0 (maximum luminance).

0,0 (no

Depending on the luminance resolution of the lumihance camera, the luminance vallies can

be rounded. A minimum resolution of two significant digits is recommended.

Generate a greyscale image according to the{requirements in section 4.5.
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Annex C  Guidelines for mechanical interface test (informative)

The procedure for the compliance test on the mechanical interface of the LED Module or the
Luminaire requires the verification that the LED Module or the Luminaire does not cross the
corresponding LED Module Demarcation. Such verification can be performed using (semi-)automated
3D measuring equipment like a non-contact optical measuring system. This annex provides some
guidelines on the number of measurement points and their positions to be used for such verification.
The example in Figure C-1 will be used to provide these guidelines.

Figure C-1: Example of a LED Modute.

As a fifst step, the outline of the LED Module (including mounting holes) is divided into segments with
approxXimately equal curvature. In each section x, the minimum curvature in that section is denoted by
Ty -
As a second step, measurement points are defined at'the boundaries between sections. The redult of
these steps is shown in Figure C-2.
. 2
3 rz)

Figure C-2: Example of a LED Module with sections

As a third and final step, each section is divided in sub-sections with a maximum length d with the
value of d fulfilling the following requirements:
o d< %" and

e d<10mm

Additional measurement points are defined at the boundaries of these subsections. The result of these
steps is shown in Figure C-3.


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

IEC PAS 63166:2018 © IEC 2018 -53 -

Figure C-3: Example of a LED Module with measurement points.
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Annex D  History of Changes

Location Change Reason

Document | Update text to specify a LED Module rather than an LLE.

. Add mandatory reference to MD-SIG power interface specification and MD-SIG
information interface specification (section 5.1)

. Add compliance tests related to the electrical interface

. Remove specification of the control interface

. Many editorial changes throughout the document.

3.2.2 Specification of new category L14W2

Document | Align document with new template

Table D-1: Changes from Edition 1.3 to Edition 1.4.
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Subdivision 2

Zhaga Interface Specification Book 1
Overview and Common Information
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1 General

1.11Int

roduction

The Zhaga Consortium is a global organization that aims to standardize LED Light Engines and
associated components. A LED Light Engine is a light source for general lighting that is based on
solid state technology, and typically consists of one or more LEDs combined with an Electronic Control
Gear. Examples of associated components are LED Modules, Electronic Control Gears, and Holders.
Zhaga has created a set of interface specifications, known as Books defining interfaces between LED

Light E

ngines, associated components and Luminaires.

Book 1is a speC|aI Book in the sense that it prowdes common information, WhICh is relevant to aII

applicg

1.2 Schpe

ble across multlple Zhaga books Such Books refer to those requwements and compllan be
tests as applicable.

This Bpok 1 defines the common concepts that underlie the Zhaga interface specifications. In addition,

this Bd
compa
Each ¢

ok 1 specifies general requirements for Zhaga compliant LED Light Engines, associated
nents and Luminaires.
f the other Zhaga interface specifications details the requirements@hnd the tests for partig

ular

types of Zhaga products. These Books are published separately for eaSe, of revision and additional

Books
The ok

applicgble to most Zhaga products and which can be called up as-required by the other Books.

Accorg

The other Books, in making reference to any of the sectiofis in this Book 1, specify the extent to

that se
All Zhg
apart f

1.3 Co

13.1C

All pro
recom
specifi
the wg
interfa
among
exclud

will be added as and when a need for them is recognized.
jective of this Book 1 is to provide a set of requirements and_compliance tests which are

ingly, the provisions of this Book 1 apply only in the spegific contexts defined in the other
ction is applicable. The other Books may also incliude additional requirements as necessa

ga Books are self-contained and therefore do not contain references to other Zhaga Book
fom this Book 1.

nformance and references

bnformance

visions in the Zhaga interface-specifications are mandatory, unless specifically indicated g
mended, optional or informative. Verbal expressions of provisions in the Zhaga interface

several possibilities one is recommended as particularly suitable, without mentioning or
ng others, or.that a certain course of action is preferred but not necessarily required, or th

Books.

which

ry.
S

S

Cations follow the rules provided in Annex H of ISO/IEC Directives, Part 2:2011. For all clarity,
rd “shall” indicates a requirement that is to be followed strictly in order to conform to the Zhaga
Ce specifications, and-from which no deviation is permitted. The word “should” indicates that

at (in

the negative formy)/a‘certain possibility or course of action is deprecated but not prohibited. The word

“may” |ndicates.a)course of action permissible within the limits of the Zhaga interface specificatigns.

The word “ean™indicates a possibility or capability, whether material, physical or causal.

1.3.2 Nprmative references

[ANSI C78.377] American National Standard for electric lamps—Specifications for the
Chromaticity of Solid State Lighting Products, ANSI NEMA ANSLG C78.377

[CIE 13.3] Method of measuring and specifying colour rendering properties of light
sources, CIE 13.3

[IECTR 61341:2010] Method of measurement of centre beam intensity and beam angle(s) of
reflector lamps

[IECTR 62732] Three-digit code for designation of colour rendering and correlated colour
temperature

[IES LM-79-08] IES Approved Method for the Electrical and Photometric Measurements of

Solid-State Lighting Products, IES LM-79-08
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[NIST TN 1297]

[Zhaga-ECG]

1.3.3 Informative references
[Zhaga LTLA]

1.4 Common definitions ™
Ambient Temperature

NIST Technical Note 1297; 1994 Edition—Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results
Zhaga Interface Specification, Book 13 Separate Electronic Control
Gear.

Zhaga Logo Trademark License Agreement

Average temperature of the air in the environment where the
Luminaire (or Test Fixture) is applied. A few typical examples are:

Author|zed Testing Center

Book
Built-in ECG

Compadtible

Electropic Control Gear

Externgl Power

Holder

Indepehdent ECG

s—trcase of amoutdoor tuminaire orasuspended-ndoortuminaire,
the Ambient Temperature is the temperature of the,aib|in the
vicinity of the Luminaire.

¢ In case of a recessed Luminaire, the Ambient Temperaturg is the
temperature of the air in the room, below the ¢eiling and|in the
vicinity of the Luminaire.

Organization that is authorized by the Zhaga consortium to gerform
certification tests for a specific Book.

A Zhaga interface specification.

An ECG generally designed to bebuilt into a luminaire, a box, ap
enclosure or the like and not.intended to be mounted outside a
luminaire, etcetera without-special precautions.

Two or more Zhaga products are Compatible if the combination [can
function as intended.cDesignation A code which identifieq a
Zhaga compliant product.
A unit that is located between the external power and one or mqgre LED
Modules to provide the LED Module(s) with an appropriate volfage or
current. Itia@ay consist of one or more separate components, and may
include additional functionality, such as means for dimming, powef factor
correction, and radio interference suppression.

The'electrical power that is supplied to the LED Light Engine. Typically this is
the mains power, but it can also be from another source like a battefy or an
application specific power grid.

A component that maintains the LED Light Engine or the LED Modlle in a
functional position, and establishes electrical contact with the LEP Light
Engine or the LED Module.

An ECG consisting of one or more separate elements so designed th3t it can
be mounted separately outside the luminaire, with protection according to
the marking of the ECG and without any additional enclosure. THis may

Integrated ECG

Integrated LED Light Engine

15

concict af o Piuly in FCC hatien din o cpitahla aneclaciira wwhich e des a”
€ORSISH oo tH Tt oo ReusSea— St usre—eReeStHe—-WHHerR—p+oV

the necessary protections according to its marking.

An ECG of a LLE that is accommodated in the same housing as the LED
module(s) of the LLE. This combination is an Integrated LED Light Engine.

A LED Light Engine that consists of a single housing. This is the same as a
“LED Light Engine with Integrated ECG”. Note that a module, complying with
a specific Book that describes a LLE with Separate ECG but that is directly
connected to external power would be an Integrated LLE and thus would be
out of scope of that Book.

The definitions are possibly further restricted in the other Zhaga Books.
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Two Zhaga products are Interchangeable if replacement of the first product
with the second product in a system results in comparable photometric and
dimming properties of that system.

A combination of one Electronic Control Gear and one or more LED Modules
and means for interconnecting these components. A LED Light Engine may
consist of multiple housings.

A light source that is supplied as a single unit. In addition to one or more
LEDs, their mechanical support and their electrical connection, it may
contain components to improve its photometric, thermal, mechanical and
electrical properties, but it does not include the Electronic Control Gear.

A surface of a LED Light Engine or LED Module with specific dimensions,

Lumingire

Lumingire Optics

Measurement Uncertainty

Optics Lontact Area

Product Data Set

Rated Qperating Temperature

Referefce Temperature

Relative Partial Luminous Flux

Separate ECG

Test Engine

Test Fijfture

position and orientation through which the light is emitted.

A lighting fixture which provides an appropriate environment, for lone or
more LED Light Engines.

Set of one or more optical elements, which shape the'light output] of the
LLE, not being part of the LLE itself.

Measurement Uncertainty is the same as “expanded uncertainty” as ¢lefined
in [NISTTN 1297].

Physical surface in the LLE or LED Module"wjth a defined shape and position
which allows for a stable and functional/positioning of the Luminairg Optics
on the LLE or LED Module.

The combined data in the produdct data sheet, product label and product
Designation. Rated <parameter> The value of the <parameter> af listed
in the Product Data Set. \Examples: the Rated voltage, the Rated frequency,
etcetera.

Value of the Referehce Temperature (t,) at which the Rated LLE |or LED
Module values are specified.

The temperature at a specified position on the Thermal Interface Purface
under steady state operating conditions. The exact coordinates [of this
position*are defined for each type of LLE or LED Module in the respective
Boogk;

Percentage of the luminous flux that is emitted by a light source into the
rotationally symmetric solid angle bounded by two polar angles (spe also
section 4.4).

An ECG of an LLE that is accommodated in a housing that is separate from
the LED module(s) of the LLE.

A device that is used to define and measure properties of a Luminaire|

A device that is used to define and measure properties of a LED Light|Engine
or a LED Module.

Thermal Interface Material

Thermal Interface Surface

Zhaga Consumer Product.

Zhaga Professional Product

Material at the Thermal Interface Surface which has the purpose to improve
the heat transfer from the LLE or LED Module to the heat sink of the
Luminaire.

The surface of the LLE, LED Module or Thermal Test Engine that makes
physical contact with the surface of the heat sink of the Luminaire.

A Zhaga Consumer Product is intended to be applied and replaced by
consumers.

A Zhaga Professional Product is intended to be applied by a
Luminaire maker.
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1.5 Common acronyms
ATC

Authorized Testing Center

CCT correlated color temperature
CRI color rendering index

DUT device-under-test

ECG Electronic Control Gear

LED light emitting diode

LES Light Emitting Surface

LLE LED Light Engine

NA not applicable

OCA Optics Contact Area

PETF Photometric & electrical Test Fixture
PCB printed circuit board

RMS root mean square

TIM Thermal Interface Material

TIS Thermal Interface Surface
TPTF thermal power Test Fixture
TTE thermal Test Engine

TUTF thermal uniformity Test Fixtdre

1.6 Cdmmon symbols
Pel

Electrical power cofisimed by the LLE (unit: W).

Peimod Electrical powericonsumed by the LED Module (unit: W).

Py Radiant fluxtof the LLE or LED module in the wavelength range from|[380nm
up to 780Am (unit: W).

Py, Thetmal power generated in the LLE or LED Module (unit: W).

P rear Thermal power that is drained from the LLE or LED Module throygh the
Thermal Interface Surface (unit: W)

Pih front Thermal power that is drained from the LLE or LED Module by conpection
and IR radiation (unit: W)

Rin Thermal resistance from the Thermal Interface Surface to the envirgnment
(unit: K/W).

Rip max Value of the thermal resistance from the Thermal Interface Surface to the
environment for which holds: t, = t, ..., (unit: K/W).

Rep(4,)) Thermal spreading resistance between measurement pointsiand j (unit:
K/W).

RG™ Maximum thermal spreading resistance (unit: K/W).

SPD(4) Spectral Power Distribution (unit: W/nm). SPD(4) corresponds to what is
expressed as “total spectral radiant flux” in [IES LM-79-08].

t, Ambient Temperature (unit: °C).

t, Reference Temperature (unit: °C).

Rated Operating Temperature (unit: °C).


https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

- 60— IEC PAS 63166:2018 © IEC 2018

1.7 Common conventions

1.7.1 Cross references

Unless indicated otherwise, cross references to sections in either this document or documents listed in
section 1.3, refer to the referenced section as well as the sub sections contained therein.

1.7.2 Informative text
With the exception of sections that are marked as informative, informative text is set in italics.

1.7.3 Terms in capitals
All terms starting with a capital are defined in section 1.4.

1.7.4 Upitsof phya;\.al quaut;t;ca

Physidal quantities are expressed in units of the International System of Units.

1.7.5 Dgcimal separator
The dgcimal separator is a comma (“,”).
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2 Overview of Zhaga (informative)

2.1 About Zhaga

Zhaga has created a set of interface specifications, known as Books defining the interfaces between

Zhaga products. A Zhaga product can be a LED Light Engine, an associated component or a

Luminaire. Examples of associated components are LED Modules, Electronic Control Gears, and

Holders. The Zhaga Consortium aims to facilitate easy exchange of LED Light Engines and
associated components in a Luminaire. Replacement may be attractive because of superior

characteristics of the new LLE or component featuring new technology or for second source choices
for opt|m|zmg the Ioglstlc process or S|mply to be open for more cost effective alternatwes Another

o mechanical interface

o photometric interface
o electrical interface
o thermalinterface

o control interface

The m|nimum requirements for the information in the Product Data Set are also defined in each Book.

a interface specification defines either a Zhaga Professional Product or Zhaga Consume
Produgt. A Zhaga Professional Product is intended to be applied by a Luminaire maker while a 4
Consumer Product is intended to be applied and replacedbyConsumers.

haga

The Zhaga interface specifications do not define safety requirements (electrical, thermal etcetera) of

Zhaga|products. There is only a recommendation to specify in the Product Data Set of the LLE @
Modulg the implemented electrical insulation.
Note that a type of LED Light Engine or LED Module which is defined in a Book may be further

categgrized in that Book, for example in categaries having different dimensions, different external

powers or different Optics Contact Areas.

2.2 Zhaga building blocks and interfaces

In this [section, the definitions of Zhaga building blocks are elaborated in their context. Each Boo
defineg interfaces between Zhaga' products being LED Light Engines, associated components a
ires (see section 2.1)\

In the gontext of the Zhagayinterface specifications, a Luminaire is a lighting fixture which provids
appropgriate environmentfor one or more LED Light Engines and associated components (see F
2-1 anf Figure 2-1Eigure 2-2). A Luminaire typically (but not necessarily) is comprised of a heat

carry gway the heat-generated in the LLEs, optical devices to reshape the light beam of the LLES

meangq to supply electrical power to the LLEs, and means to attach the Luminaire to a wall, ceilin
stand, letcetera.

rLED

K
hd

bS an
gure
sink to
5,

gv
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Il N Luminaire
[ECG || Holder | [ECG| Holder |  [ECG]| Holder
LED LED LED
Module Module Module

Figure 2-1: Schematic overview of a Luminaire and one or more non-integrated LED Light Engines

A LED
Modul
A LED
LEDs,
its opti
Gear.

The El
more |
consis
for din
The LK
Such g

s (see Figure 2-3 and Figure 2-4).

Integra

External Power
P I Luminaire
[ Holder | | Holder | | Hoider |
Integrated Integrated Integrated
LLE LLE LLE

Figure 2-2: Schematic overview of a Luminaire and one or more integrated LED Light Engines

Light Engine is defined as a conibination of one Electronic Control Gear and one or moreg

ectronic Control'Gear is defined as a unit that is located between the External Power and
ED Moduleste provide the LED Module(s) with an appropriate voltage or current. It may
of one or-more separate components, and may include additional functionality, such as means
ming,.pewer factor correction, and radio interference suppression.
ED Module(s) and the Electronic Control Gear can be in one housing as depicted in Figurg
syStem is denoted as a LED Light Engine with Integrated ECG, or alternatively as an

N\

LED

Module is defined as a lighi'source that is supplied as a single unit. In addition to one or nore
their mechanical support.and their electrical connection, it may contain components to im
cal, thermal, mechanical and electrical properties, but it does not include the Electronic C

brove
bntrol

one or

2-3.

tedtEDtight Enginre:

LED Light Engine
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Figure 2-3: Schematic overview of a LED Light Engine with Integrated ECG

Alternatively, the LED Light Engine consists of an Electronic Control Gear and one or more LED
Modules in separate housings as depicted in Figure 2-4. Such a system is denoted as a LED Light
Engine with Separate ECG.

LED Light Engine

External Power

LED Module

Electronic Control | -~
Gear

LED Module

|| - Physical unit

Figure 2-4: Schematic overview of a LED Light Engine with Separate’ECG

2.3 Cdmpatibility and Interchangeability

The Zhaga Consortium aims to define LED Light Engines and assotiated components which are
Interchangeable in the sense that LED Light Engines or associated\components, possibly desigmed by
differept manufacturers, can be interchanged without complications. Practically speaking this mgans

that a professional lighting expert can replace one LLE or associated component by another ong while
maintgining essentially the same functionality. The Zhaga ‘defines two concepts: Compatibility and
Interchangeability that are relevant in this context.
Two Zhaga products are Compatible if the combination can function as intended. Two or more Zhaga
produdts are Interchangeable if replacement of the first product with the second product in a sysiem

results in comparable photometric and dimming\properties of that system.
Note that to ensure Interchangeability, the Luminaire also should be designed for Interchangeability} As an
example, the Luminaire Optics should incorperate diffusing elements to account for different granulprity of
light erpission by different LLEs or LED Modules.

2.4 Prpduct Data Set

The Product Data Set is defined as the combined data in the product data sheet, product label and
produgdt Designation. The-reguirements with respect to the Product Data Set of a Zhaga product|are
defined in the applicable Book. These requirements guarantee that the Product Data Sets of Zhaga
produdts contain thetinformation which

e | enables a.check on Compatibility and

e | enables'a-prediction of the (photometric) properties of a combination of Zhaga products.

2.5 Cgmpliance testing

The basic principle of Zhaga is that, for example one manufacturer brings to the market a Zhaga
certified product A while another manufacturer brings to the market a Zhaga certified product B. At a
later point in time, a professional lighting expert may combine product A and product B in a Luminaire
(product C) for a specific application.

One of the challenging issues is that the characteristics of the product A-B-C combination in terms of
performance and lifetime depend on the characteristics of all three products and on how these three
sets of characteristics match. In order to effectively cope with this situation, the Zhaga has defined
procedures with tests to be conducted by manufacturers and Authorized Testing Centers and checks
to be conducted by the one who intends to use these products. The checks are described in section
2.6 while the procedures with tests are described in sections 2.5.1 and 2.5.2.
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2.5.1 Certification

Before market introduction of a Zhaga product, the following procedure with test is conducted. See
also Figure 2-5. Next to measurements and tests that may be required for internal purposes and
regulations, the manufacturer of a Zhaga product performs all measurements that are needed to
generate the Product Data Set that is required by the Zhaga interface specification. The
measurements are performed as defined in the Zhaga interface specification. The outcome of these
tests is laid out in the Product Data Set that is provided with the product.
e The manufacturer sends the product (or product family) with associated Product Data Set to an
Authorized Testing Center. The ATC performs all tests that are listed in the corresponding Zhaga Book
and returns a test report and a test report summary to the manufacturer.

e The manufacturer sends the test report summary to the Zhaga Logo License Administrator. If the test
report summary indicates that the product has passed all tests, the Zhaga Logo License Administrator
certifies the product.

‘Manufacturer
Product
Measure
Product /ProductData)
\ Set

/:uthorized Testing Center

Perform Compliance tests

Testreport & summary

{ Manufacturer
| A 4

Test summary

v

Zhaga Logo License Administrator

N

Certified | Verified >

Product \ Product Data Set

Figure 2-5: Overview of test and certification of Zhaga products

2.5.2 Market surveillance

After market introduction of a Zhaga product, a market surveillance procedure may be initiated to
check for the compliance of the product. For details on the market surveillance procedure and
consequences of non-compliance see [Zhaga LTLA].

2.6 Compatibility check

Using the Product Data Set of the Zhaga certified products, the Luminaire maker or, for some LLEs the end-
user, can check whether two or more Zhaga products are Compatible.
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Certified / Product Data Product Data\ Certified
Product A \ Set Set / Product B

/ Luminaire maker

Compatibility check

/N

Match No Match

Figure 2-6: Compatibility check

2.7 Zhaga product certification

The Zhaga Consortium prohibits use of its trademark on products and on, product documentatior
withouf a trademark license. Members can obtain a conditional trademark license by signing the|so-
called Zhaga Logo Trademark License Agreement [LTLA]. This agreement licenses the Zhaga Liogo
for usg on products that have been tested and certified to be compliant with the Zhaga interface
specification.
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3 Mechanical interface

3.1 Drawing principles

Unless indicated otherwise, the characteristics of the mechanical interface are specified according to
the following principles:

e The dimensions are in millimeters.

e The minimum and maximum values provided in tables that accompany the drawings represent
absolute limits, without any implied tolerance (neither positive, nor negative).

e Typical values as well as values between parentheses are informative.

3.2 Mechanical interface between Separate ECG and Luminaire.
The mechanical interface between the Separate ECG and the Luminaire is defined in [Zhaga-ECG].

3.3 Thermal expansion

The mechanical dimensions are verified at a temperature in the range 25 + 5 °C{This is the

tempefature at which an LLE or LED Module is typically mounted in a Luminaife. Manufacturers
should take all necessary measures to ensure that thermal expansion or contraction is accommaodated
for the|complete operating temperature range.



https://iecnorm.com/api/?name=c7a0ba9b1802c5aa4abb82956fdcaf21

IEC PAS 63166:2018 © IEC 2018 - 67—

4 Photometric interface

4.1 Light Emitting Surface

A Light Emitting Surface (LES) is a surface associated to a LED Light Engine or a LED Module with
specific dimensions, position and orientation through which the light is emitted and that has the
following characteristics:

All substantial light generated by the LED Light Engine or the LED Module is emitted through this

surface.

The center of the Light Emitting Surface coincides with the reference point of the luminous in
distribution (See Figure 4-1).

(Infornpative)
For each type of LLE or LED Module the definition of the LES may be further restricted in the
tive Book according to the following principles:

resped
[ ]

For ea

4.1.1L§

The Zhaga interface specifications define circular LES categories as listed in Table 4-1.

ch type of LLE.or-LED Module the requirements for the LES are defined in the respective

tensity

The LES is generally described by simple a geometrical shape, e.g. a circle or a rectangle\Jlt has a

physical boundary or is a virtual surface in the surrounding area of the LLE or the LED Medule.

When seen along the reference Z-axis, all parts of the light emitting area((LEDs, diffuse cover
mixing chamber) are covered by the LES.

and/or

The position of the LES is chosen in a way, that all light emitting pdrts are behind the LES, wheén seen

along the reference Z-axis.

Inside a circular shaped LES, the LEDs may be placed in any arrangement, for example in a rectgngular

arrangement.

A clear dome or cover above one or more LEDs is allowed to exceed the LES height.

les LES definitions:
The LES is the domed cover of a multichip, phosphor covered LLE or LED Module.

The LES is a circle or a rectangle which’is large enough to encompass all silicone domes of pd
LEDs in the LLE or LED Module completely.

In case the LEDs are encircled by the nearly vertical walls of a light guiding, mixing or d|
element, the LES is described-by the opening of this element.

In the case of a diffuse cover covering the LEDs, the LES is described by the light emitting ared
diffuse cover.

S categories

ckaged

ffusing

of the

Book.
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- 68— IEC PAS 63166:2018 © IEC 2018

LES category Minimum LES Maximum LES
designation diameter'® diameter
LES6.3 4.5 6,3
LES9 6,3 9,0
LES13.5 9,0 13,5
LES19 13,5 19,0
LES23 19,0 23,0
LES30 23,0 30,0
LES40 30,0 40,0

Table 4-1: Definition of circular LES categories

bral, the characteristics of the light generated by a LED Light Engine or a LED Module.depend
operating conditions. This section defines the operating conditions that shall be applied when

The LED Module shall be mounted in Test Fixture PETF according to the LED(Module manufag¢turer’s
mounting instructions.

The LED Module shall be connected to a power source according to the manufacturer’s instryctions.
The input current and voltage shall be within 0,2% of the Rated values!.

The ambient temperature shall be stable within the range 25 % 1*°C.

The heat sink of the test fixture shall maintain the Réference Temperature (t,) within thg range
tr,max i 1 oc

The photometric output of the LED Module shall-hot be affected in any way by objects (ref|ectors,
glass or plastic windows, heat sink features, etcetera) that are exterior to the LED Module and the Test
Fixture.

e as follows:
The LLE or LED Module(s) in case-of an LLE with Separate ECG shall be mounted in Test Fixture(s)
according to the LLE manufacturer’s mounting instructions.

The voltage and frequency-ef the External Power of the LLE shall be within 0,2% of the Rated vajues.
The ambient temperature shall be stable within the range 25 + 1 °C.

The heat sink(s) of the test fixture(s) shall maintain the Reference Temperature (t,) within thg range
tr,max i 1 OC

The pheotometric output of the LLE shall not be affected in any way by objects (reflectors, glass or
plastic-windows, heat sink features, etcetera) that are exterior to the LLE and the Test Fixture(s).

Ib/case of an LLE with Separate ECG, the ECG should be mounted at a distance from the LED Module

ciaeh thot tha EOC Aanc mat infliinnen tha vacilbce Aftha o ciiranaant
SteAthat e oo aoesRothrdeReethRe+esurtsortReH

AEasurerherts

In case of an LLE with Separate ECG, the LED Module(s) shall be electrically connected to the ECG
according to the LLE manufacturer’s instructions.

In case the LLE features adjustable settings (for example output current of the ECG or de-rating
settings), these settings shall be according to the manufacturer’s instructions.

In case of an LLE with Separate ECG and more than one LED Module, photometric properties shall be
measured on one LED Module, while the other LED Modules are also operated according to the
manufacturer’s instructions to enable equal photometric output. If no instructions are provided, the

6
The range of LES diameter values for a specific LES category is excluding the lower bound and including the upper bound. For example,
A LES with a diameter of 9,0 mm shall have a designation LES-9.
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other LED Modules shall be operated in environmental conditions equal to the conditions of the LED-
Module-under-test. The measurement setup should be such that the light output of the other LED

Modules has no effect on the measurement result.

4.3 Lum

inous flux

The Zhaga interface specifications define luminous flux categories as listed in Table 4-2. In case of an
LLE with multiple LED Modules, luminous flux is defined per LED Module.

luminous flux Minimum luminous flux | Typical luminous flux [Im] Maximum luminous

category [Im] flux [Im]
100 90 100 150
150 135 150 250
250 A 250 350
350 315 350 500
500 450 500 800
800 720 800 1000
1000 900 1000 1500
1500 1350 1500 2000
2000 1800 2000 3000
3000 2700 3000 4000
4000 3600 4000 5000
5000 4500 5000 6000
6000 5400 6000 8000
8000 7200 8000 10000
10000 9000 10000 15000
15000 13500 15000 20000
20000 18000 20000 30000
30000 27000 30000 40000
40000 36000 40000 60000
60000 54000 60000 80000
80000 72000 80000 100000

Table 4-2: Definition of luminous flux categories
4.4 Luminous intensity distribution

For each type of LLE or LED Madule, the required luminous intensity distribution may be defined in the

respedtive Book. In case of @ LLE with multiple LED Modules, the luminous intensity distribution fis

definedl per LED Module.
inous intensity distribution may be defined in terms of Relative Partial Luminous Fluxes.[The

Relatiye Partial Luminous Flux is the percentage of the total luminous flux emitted into the rotatipnally

The lu

symmetric solid angle bounded by the polar angles y, and vy,, as shown in Figure 4-1.
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LED Light Engine or
LED Module

Light Emitting Surface

Reference point

-1: Rotationally symmetric solid angle bounded by the polar angles y; and y, which’is used to define the Relative

Figure 4
Partial Luminous Flux

4.4.1 B¢am angle and beam angle categories
The bgam angle shall be defined as in [IEC TR 61341:2010] and the beam angle categories shdll be
definedl as in Table 4-3.

Beam angle Minimum beam angle </ Maximum beam angle
category (°) ) (°)
6 3 @ 9
12 9. 15
17,5 45 21
25 21 29
35 29 41
55 IR 41 70
90 ' 70 110
120 « 110 150

Table 4-3: Definition of beam angle categories.

For eachtype of LLE or LED Module, the required luminance characteristics may be defined in the
respeqtive/Book. In case of a LLE with multiple LED Modules, luminance characteristics are defjned

per LED Module.

4.5 Lt}ninance dniformity

4.6 Correlated color temperature (CCT)

The CCT category of an LLE or LED Module shall comply with the provisions of [ANSI C78.377], with
the exception that the target color points may be chosen freely within the quadrangles defined therein.
Only the nominal CCT categories as specified in [ANSI C78.377] shall be used. The value, in
combination with the CRI value shall be expressed using the three-digit code as defined in

[IEC TR 62732]. In case of an LLE with multiple LED Modules, CCT is defined per LED Module.
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4.7 Color rendering index (CRI)

The CRI value of the LLE or LED Module is defined in [CIE 13.3]. The value, in combination with the
CTT value shall be expressed using the three-digit code as defined in [IEC TR 62732]. In case of an
LLE with multiple LED Modules, CRI is defined per LED Module.

4.8 Luminaire Optics (informative)

The Luminaire Optics (e.g. reflectors, refractors or diffusers) are not defined in the Zhaga interface
specifications. It is recommended to design Luminaire Optics in such a way, that the nominal
parameter values of the LES and luminous intensity distribution result in the desired photometric
characteristics of the LLE-Luminaire Optics combination.

Note: Due to the compound nature of many LED Module solutions, it is expected that Luminaire Optics
designed for Zhaga compliant LLEs takes into account the structure of LED clusters, e.g. by using
frosted surfaces or facetted structures to achieve comparable Tight output with all kinds of module
technglogies enabled by the Zhaga interface specifications. The luminance uniformity of the ILEL
Modulé can provide information on the measures that need to be taken to achieve properlight
distribyited with Luminaire Optics. The larger the uniformity the more simple the measures‘are thiat
need tp be taken for a proper light distribution.
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5 Electrical interface

5.1 Electrical insulation (informative)

International and national regulations require that products on the market have to be compliant with
product safety standards (for example UL standards in the USA, EN standards in Europe and JIS-
Standard and PSE-Law in Japan) and individual manufacturers are responsible for this.

The electrical insulation of a complete LLE-Luminaire system is a safety item and depends on the
electrical insulation implemented in the LLE, in associated components and in the Luminaire. Like all
other safety requirements, electrical insulation is explicitly out of scope of the Zhaga interface
specifications and it is the sole responsibility of the manufacturer that brings the product to the market.
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6 Thermal interface

6.1 Background information (informative)

One of the most challenging issues in LED lighting is related to the temperature of the LED. On the
one hand this component is made of a semiconductor material and therefore it is sensitive to operating
temperature, both in terms of performance and lifetime. On the other hand the operating temperature
of the LED is not only determined by the design of the LLE or the LED Module but also by the design
of the Luminaire. Manufacturers of Zhaga LLEs or LED Modules have no knowledge in which
Luminaire the LLE or LED Module will be used. In order to effectively cope with this situation, a model
of LLE-Luminaire or LED Module-Luminaire combination with respect to thermal behavior is defined in
this segtion—TFhis-thermahinterface-meodelallowsprediction-of-the-ReferenrceFemperature-efaspecific

LLE - luminaire combination or LED Module — Luminaire combination.

6.2 Generic thermal interface model

6.2.1 Gpneral case
In the thermal interface model, the light generating (and heat generating) component can be any one
of the following devices:

1.| A LLE with Integrated ECG. In this case the thermal interface is definéd as the contact surfacq of the
LLE and the Luminaire.

2.| A LED Module. In this case the thermal interface is defined as the“contact surface of the LED Module
and the Luminaire.

3.| ALLE with Separate ECG. In this case the thermal interface is defined as the contact surface of the LED
Module and the heat sink the Luminaire and it is assumed that the ECG does not influence the {hermal
behavior of the Luminaire — LLE combination (See also section 6.1.12). In case of an LLE with multiple
LED Modules, each LED Module has its thermal interface with the Luminaire.
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. Jhermal Interface Surface

Pel or Pel mod ™ Thermal Interfacé Material
' LLE or LED Module

WV

PVis Pth,front

Figure 6-1: Thermal model of a LLE - Luminaire or a LED’'Module — Luminaire combination

Figure|6-1 illustrates the model of the thermal interfacebetween the LLE or LED Module and the
Lumingire. The LLE or LED Module consumes an dmount of electrical power Py and Py moq
respedtively. This power is converted into visible light and heat:

EQ 6-1: Pel — PViS + Pth or

EQ. 6-p: Pel,mod = Pvis + Pth

Here, P, is defined as the radiant flux in the visible light spectrum (380 nm< A <780 nm)”.

Pth,front

Some of the thermal power P, is drained by convection and infra-red radiation. The sum of the
thermal power drained by convection and IR radiation is denoted by Py, f.on'8. Typically a substantial

Figure 6-2: Power conversion

" IR radiation is not included in P,;s and it is assumed that radiation in the range A < 380 nm is negligible.

Py front is defined to be the thermal power that is drained by convection and IR radiation to the environment and not re-absorbed by
the LLE, the LED Module or the heat sink.

18
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part of the thermal power will be drained through the Thermal Interface Surface to the heat sink of the
Luminaire'®. This portion is denoted by Py rear-

EQ. 6-3: Py, = Pth,rear + Pth,front

The Thermal Interface Surface is defined as the surface of the LLE or LED Module that makes
physical contact with the surface of the heat sink of the Luminaire. The Reference Temperature t, is
defined as the temperature at a specified position on the Thermal Interface Surface under steady state
operating conditions®. The exact position of this temperature point is defined for each type of LLE or
LED Module in the respective Book.
The Zhaga defines the Rated Operating Temperature (¢, nax) and the value of t. ., shall be such that
if t- = t: max, @ Sample of the LLE or LED Module at zero burning hours shows photometric values

equal t

o the Rated values within tolerances defined in the compliance test specifications of the Zhaga
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nd the thermal power drained via the heat sink*(Py, (cor) ON the other hand depends on the
try of the LLE-Luminaire system or the LED-Module—Luminaire system. For each type of
odule a Test Fixture TPTF may be defined\inh the respective Book. This Test Fixture TPTH
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hted Operating Temperature and safety (informative)

hted Operating Temperature (ty.y) is used to define the conditions for the measurement
rature dependent parameters.of the LED Light Engine or LED Module. In practical applica
ference Temperature may-be higher or lower than the Rated Operating Temperature. Als
Operating Temperature is not the absolute maximum Reference Temperature related to §
r to comply with safety regulations, the LLE manufacturer has to make sure that the LLE

odule operates safely under normal operating conditions. However, this is not mandated

and will not be verified by the ATC. In typical products, the maximum Reference Temperz
to safety will-be considerably higher than the Rated Operating Temperature (t.y). This
um Reference Temperature related to safety may be listed in the Product Data Set of the

| résistance related to safety in the Product Data Set.

Ce Surface (Py, rear)- Using a simple 1-dimensional model, the following relation.is ebtained:

| ED/Module. Alternatively the LLE or LED Module manufacturer may specify the maximumm
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6.2.4 Thermal overload protected LED Light Engine (Informative)

The Reference Temperature in a specific LLE-Luminaire or LED Module — Luminaire combination
depends on many characteristics of the LLE or the LED Module, the Luminaire and the mounting (for
example the TIM and the contact pressure). Zhaga does not mandate a protection in the LLE or LED
Module that guarantees the Reference Temperature not to exceed an upper limit (for example by
reducing power or shut down).

19
20

Heat transfer via conduction through other parts of the system is assumed to be negligible.
“steady state” is defined in section A.1.3.4.
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6.2.5 Ambient Temperature

As indicated in EQ. 6-5, the maximum thermal resistance of the LLE or LED Module (R, max) depends
on the Ambient Temperature. With increasing Ambient Temperature Ry, ,.x decreases. This effect can
be significant and shall be taken into account in the thermal compatibility check (section 6.2.7).

The LLE or LED Module manufacturer may list values of Ry, max fOr several values of the Ambient
Temperature. For each type of LLE or LED Module, Product Data Set requirements with respect to

R max are defined in the respective Book. In case the Ambient Temperature is not listed in the
Product Data Set, a value of 25 °C shall be used.

For each type of LLE or LED Module it is defined in the respective Book whether the Ambient
Temperature shall be listed on the Luminaire Product Data Set or not.

In case the Ambient Temperature is listed in the Product Data Set of the Luminaire this value shall be
used in the thermal compatibility check (section 6.2.7) to determine the corresponding Ry, max Of the
LLE orrthetEB-Modute-

In casJa the Ambient Temperature is not listed in the Product Data Set of the Luminaire an
indepgndent judgment of the Ambient Temperature shall be made by the non-professionaliend-user or
profesgional lighting expert and this value shall be used in the thermal compatibility check|(sectipn
6.2.7) fo determine the corresponding Ry, max Of the LLE or LED Module.

6.2.6 Luminaires with multiple LLEs or multiple LED Modules

Within|Zhaga a Luminaire is a lighting fixture which provides an appropriate_environment for ong or

more UED Light Engines. Each LED Light Engine is a combination of one/&lectronic Control Gear and
one orlmore LED Modules. In this section two cases for Luminaires with multiple LLEs or Multiple LED
Modulés are described.

6.2.6.1[Separate heat sinks

In cas¢ a Luminaire contains more than one LLE or more than'one LED Module and these LLEs|or
LED Modules are mounted on separate heat sinks, it is assumed that the LLEs or LED Modules|do not
influenice each other from a thermal point of view. The general model described in section 6.2.1 fan
be applied to each LLE or LED Module individually.

6.2.6.2/0ne heat sink

In cas¢ a Luminaire contains more than one EEE or more than one LED Module and these LLEs|or
LED Modules are mounted on a single heat'sink, all LLEs or LED Modules shall be identical®'. Hor
such systems, the thermal resistance oftthe Luminaire is defined as:

MAX (ty;)—t
EQ. 6-p: Ry = MAX (tr)"ta
Pth,rear
with tri Reference Temperature of a LLE; or LED Module;

Puyirear - Thermal power per LLE or LED Module

6.2.7 Thermal compatibility check
ermal

Rih max specmed in the Product Data Set of the LLE or LED Module. Here, the apphcable thermal
resistance can be linearly approximated from thermal resistances corresponding to thermal powers
above and below the actual LED Module thermal power. In cases of doubt or incomplete data, the
thermal resistance of a power lower than the actual LED Module power shall be chosen for evaluation.

In case a Luminaire contains more than one LLE or more than one LED Module and these LLEs or LED Modules are mounted on the
same heat sink the Reference Temperature of each LLE or LED Module depends on the characteristics of all LLEs or LED Modules and
on the geometry of the system. In general this will result in a complex dependency matrix that cannot be translated into a simple
model characterized by one thermal resistance (Ry,). For that reason the model has been restricted to Luminaires with identical LLEs or
LED Modules. In later editions of the document the model may be expanded to other configurations.

2 “thermally compatible” means that the LLE-Luminaire or LED Module-Luminaire combination will operate at t, < tr max
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The applicable maximum thermal resistance Ry, ,.x is the maximum thermal resistance that
corresponds with the Ambient Temperature.

As an example (Informative), consider the information listed in the Product Data Sets of particular
LLEs and Luminaires:

Data sheet of LLE #1 Data sheet of LLE #2

tomax (°C) 65 trmax (°C) 80

Pin,rear (W) 18 Pih,rear (W) 35

ta (°C) 30 40 50 ta (°C) 30 40 50
Rinmax  (K/W) 19 14 0.8 Rinmax  (K/W) 14 11 09
Data sheet of Luminaire #1 Data sheet of Luminaire #2

Max.a (°C) 30 Max. ta (°C) 40

Rinat Pinrear =10 W (K/W) 1.8 Rinat Piprear =10 W (K/W) 0.9

Rinat Piprear =20 W (K/W) 1.6 Rinat Piprear =20 W (K/W) 0.8

Rinat Pinrear =30 W (K/W) 1.5 Rinat Pinrear =30 W (K/W) 0.7

Rinat Pinrear =40 W (K/W) 1.4 Rihat Pinrear =40 W (K/\W) 0.6

From these numbers it can be concluded that
o | LLE #1is thermally compatible with Luminaire #1 as R, at Py, 1o,y =10 W (1,8 K/W) is less than| R p, iy
at 30 °C (1,9 K/W)

e | LLE #1is thermally compatible with Luminaire #2 as R, at Py7ps- = 10 W (0,9 K/W) is less than| R p, iy
at 40 °C (1,4 K/W)
e | LLE #2 is not thermally compatible with Luminaire #1a5 "R, at Py, roor = 30 W (1,5 K/W) is moye than
Rtlz,max at 30 °C (1,4 K/W)

o | LLE #2 is thermally compatible with Luminaite, #2 as R, at Py, e, = 30 W (0,7 K/W) is legs than
Rtlz,max at 40 °C (1,1 K/W)

ermal uniformity

d that the temperature across the Thermal Interface Surface is independent of the positipn. In
typicallapplications this is not exactlythe case. When replacing the LED Light Engine or LED Mqdule
by a Thermal Test Engine, the thermal interface model can only be used to predict the Reference

the constructionof the LLE, TTE or LED Module and
the constfuction of the heat sink of the Luminaire.

The nan-uniformity of the temperature distribution across the Thermal Interface Surface is expressed
in a seft of thermal spreading resistance values. Here, the thermal spreading resistance between two
measyrement points i and j is defined as:

. ti—t;
EQ. 6-7: Ry (L)) = p

th,rear

Here t; and t; are the temperatures at the measurement points i and j located on the Thermal
Interface Surface. For each type of LLE or LED Module the positions of these measurement points
may be defined in the respective Book.

The parameter Rg;** is defined as the maximum value of all spreading resistance values:

EQ. 6-8: Rgp™ = MAX(Rsp (L, )))

The Zhaga interface specifications may restrict the thermal non-uniformity in the case of a LLE or LED
Module being operated in a Test Fixture TUTF. For each type of LLE or LED Module the Test Fixture
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TUTF and the requirements for thermal uniformity in this test case may be defined in the respective
Book.

The Zhaga interface specifications may contain minimum requirements for the construction of the
Luminaire. If so, these requirements are defined in the respective Book. If these requirements are not
defined or not fulfilled, the Zhaga interface specifications may restrict the thermal non-uniformity in the
case of a Thermal Test Engine being operated in a Luminaire. For each type of Luminaire the Thermal
Test Engine and the requirements for thermal uniformity in this test case may be defined in the
respective Book.

6.2.9 Thermal Interface Material

In order to guarantee good thermal contact between the LLE or LED Module and the heat sink, a
Thermal Interface Material (TIM) is typically applied to this interface. The TIM is defined to be part of
the LLE or LED Module and the Thermal Interface Surface is at the interface of the Luminaire and the
TIM as depicted in Figure 6-3.

< TherndaljInterface
Surface

Figure 6-3: Position of the Thermal Interface Surface in case of a configuration with TIM

The LLE or LED Module shall be tested with the TIM prescribed by the LLE or LED Module

manufacturer, and the LLE or LED Module manufacturer shall provide the prescribed TIM to the
Zhaga|Authorized Testing Center (ATC) when offering the LLE or LED Module for Zhaga certificption.
The Lyminaire shall be tested with a TIMthat is specified in the test specification of the respective
Book.

6.2.10 $urface planarity and roughness

In order to guarantee good thermal contact between the LLE or LED Module and the heat sink of the
Lumingire, both the surface of the LLE or LED module and the surface of the heat sink shall megt
planarifty and roughness requirements. For each type of LLE or LED Module these requirements| may
be deflned in the respective Book.

6.2.11 Aging of LED\kight Engine or LED Module (informative)

Due tg aging“of'the LED, the radiated power (P,;s) will decrease over time and consequently the
thermal power will increase. Although this effect is relatively weak it is recommended that the
Luminaire*manufacturer takes it into account in the design of the Luminaire.

6.2.12 Influence of the Electronic Control Gear on the thermal interface (informative)

In case of an LLE with Separate ECG, the thermal model described in section 6.2.1 does not take into
account the influence of the thermal power of the ECG on the thermal interface. In this section
guidelines are provided on how to deal with this simplification.

Due to the marginal influence of the ECG in most of the luminaires, Zhaga interface specifications do
not specify a test for measuring the influence of the thermal power of the ECG on the thermal interface.
In case of a Luminaire with an expected relatively high influence of the ECG on the thermal interface it
is recommended to list in the Product Data Set a value of Ry, which is 110% of the measured Ry, . This
will ensure that the Rated values of photometric parameters of Zhaga LLEs are met in all realistic
circumstances.

Guideline for detecting Luminaires with a relatively high influence of the ECG on the thermal interface:
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e LED Module and ECG are mounted on the same heat sink
e LED Module and ECG are mounted on different heat sinks but still influence each other by
heating up the inner temperature of the Luminaire

6.2.13 Ambient Temperature and thermal resistance (Ryy,).

The Ambient Temperature is defined as the average temperature of the air in the environment where
the Luminaire (or Test Fixture) is applied. A few typical examples are:
¢ In case of an outdoor Luminaire or a suspended indoor Luminaire, the Ambient Temperature
is the temperature of the air in the vicinity of the Luminaire.

e In case of a recessed Luminaire, the Ambient Temperature is the temperature of the air in the
room, below the ceiling and in the vicinity of the Luminaire.

In section 6.2.1, the thermal resistance of the Luminaire (Ry,) is defined as the thermal resistance from
the Thermal Interface Surface to the environment. The environment corresponds to the position where
the Anmpbient Temperature is defined.
As a cpnsequence of these definitions, the thermal resistance of the Luminaire (Ry,) depends on|the
mount|ng conditions of the Luminaire. The Luminaire manufacturer defines in the PDS({generally in
the mqunting instructions) how the Luminaire shall be mounted. Next to that, the Luminaire
manufacturer shall define a setup for measuring the thermal resistance of the Luminaire. This sgtup
should be a good model for the actual application of the Luminaire. Note that this-measurement getup
can bg anything ranging from a free air setup to measurement boxes as defined by, for example|UL
and IELC for safety tests. It is recommended to use the same test setup fot Ry, measurement as for
safety measurement. The ATC will use the setup as defined by the Lumipaire manufacturer to
measyre the thermal resistance of the Luminaire.
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